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EXECUTIVE SUMMARY

~ This study was initiated in July, 1983 to develop an
mPI ementabl e water management plan for the release of purchased
water from Painted Rocks Reservoir which would provide optinum
benefits to the river and to gather fisheries and habitat
information which would evaluate the effectiveness of these
s_uPPI enental releases in inproving trout populations in the
Bitterroot Rver. The study is part of the Northwest Power
Pl anni n% Council's Fish and Wldlife Program and is funded by the
Bonneville Power Admnistration. This annual report presents data
collected during the 1985 field season and nmakes conparisons with
data collected in 1983 and 1984.

Approxi mately 15,000 AF of supplemental reservoir water was
released annually into the Bitterroot Rver during the 1983, 1984,
and 1985 irrigation seasons. Flows within the dewatered reach
were naintained near target levels during 1983 and 1984. During
1985, supplemental releases were insufficient to maintain m ninum
flow recommendations. About 34% of the main stem of river was
dewatered to some eXtent in t he 1985 irrigation Season. Di scharge
was |ess than 2.83 ¥*/gec (100 fet3/sec) for a20-day period and
was less than 1.42 wP/sec (50‘f*th339fee)-\ fer-a 13-day period.
Duri ng peak |'r'gat|on,vmthd5avvals bydiversion were esfimted to
total 2510 nv/sec (850 ft2fsec).  Goundwater seepage and
returns from irrigation appeared to provide flows to downstream
irrigators and tended to |essen the effects of dewatering.

Suppl emental releases made in 1985 were not reaching the
dewatered section because of extensive diking on the river and the
resul t ant approg)rlatlon of water into the irrigation systens.
Approximately 99% of a 721 AF test Sﬁ!“ was |ost due to diversion
or to natural phenonenon before reaching a gaugi ng station |ocated
105 km (65 m) downstream  About 57% of this loss was
attributable to appropriation into the ditch systens.

Al usable storage in Painted Rocks Reservoir (31,706 AF) was
drained during 1985 to neet base flow obligations and to provide
for the release of purchased water. This excessive drawdown was
due primarily to the drought conditions of 1985. Total inflow
info the reservoir was estim,ted to avesage 2.80 n¥/sec (99
ft /sec) during Julyandl.90 m3/ sec (67 ft /sec during August.
These rates were subStantially less than historic median values.

Dai [y maximum water tenperatures for four stations [ocated in
a downstreamprogression averaged 10.6,11.9,12.8 and 12.7 C for
March through Novenber. Daily tenperature fluctuations at these
stations averaged 3.5 3.6, 3.4 and 1.8 C \Water tenperature in

the dewatered section of_river appeared to be noderated by cool er
roundwat er seepa%%.4 Ehe mexi mum water tenperature recorded

uring 1985 was ﬂ74 F). \ater tenperatures in the
Bitterroot River appeared to be adequate for trout viability.



Rai nbow trout, brown trout and nountain whitefish were the
predom nant gamefish in the river. Rainbow trout numbers in a
control section have increased from 511/ mle in 1982 to 1256/nle
in 1985. In a dewatered section, rainbow trout nunbers have
increased from 182/mle in 1983 to 432/mile in 1985. In a section
rewatered by irrigation returns, rainbow trout nunbered 232/mle
dur|n?. 1985." Brown trout numbers in the control section have not
Si gni |cant[Y changed bhetween 1982 and 1985. Numbers have ran?ed
from225/mle to 296/ mle during the four years of study. In the
dewatered section, brown trout numbers have increased from
223/milein 1983 to 361/ mle in 1985. In the section rewatered by
irrigation returns, too few brown trout were collected in 1985 to
obtain an estimte

Suppl emental releases of reservoir water appeared to be
enhancing the rainbow trout population in the control section.
The potential for enhancement of trout populations in the
dewatered section appeared to be reduced due to the appropriation
of supplenental water into the irrigation systems. The severe
dewatering in 1985 did not seemto adversely effect adult trout
populations in the Bitterroot River. Poor recruitment of young of
the year fish into the population as a result of flow depletions
probably was responsible for the suppressed nunbers of rainbow
trout that were ftound in the dewatered section.

~Instreamflow reconmendations obtained fromwetted perimeter—
di scharge relationships avera edn$ 35 m3/sec€4 0ft 3/xeeyr For
the dewatered section and 8.50 mP/sec (300 ft3/sec) fog the
sectiog rewatered by irrigation returns. Aflow of 4.25 #/sec
(150 ft-/sec) provided the mninum depth and width criteria needed

to float drift boats or rafts over the shallow riffle areas in
both secticns of the river.
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| NTRCDUCT1 ON

~ The Bitterroot River, located in western Mntana, is an
inportant and heavily used resource, providing water for
agriculture and a source for diversified forns of recreation.

ter shortages in the river, however, have been a persistent
problem for both irrigators and recreational users. Five ngjor
diversions and nunerous snaller canals remove substantial
quantities of water from the river during the irrigation season.
Hstorically, the river has been severely dewatered between the
towns of Hamlton and Stevensville as a result of these
Wi t hdr awal s.

Demands for irrigation water from the Bitterroot Rver have
often conflicted wth the instream flow needs for trout,.
Wthdrawal s of water can decrease suitable depths, velocities,
substrates and cover utilized by trout (Stalnaker and Arnette
1976, \Wesche 1976). Losses in habitat associated with dewatering
have been shown to dimnish the carrying capacities for trout
B‘OPL“ ations_ (Nelson 1980). . Additionall'y, ‘dewatering of the
itterroot Rver has forced irrigators todike or channelize the
streanbed to obtain needed flows. These alterations reduce
aquatic habitat and degrade channel stability. COdell (personal
communi cation) found a substantial reduction in the total biomass
of aquatic insects within a section of the Bitterroot Rver that
had been bul | dozed for irrigation purposes.

The Montana Department of Fish, Wldlife and Parks (NDFWP) has
submitted a proposal to the Northwest Power Planning Council for
the purchase of 10,000 acre-feet (AF) of stored water in Painted
Rocks Reservoir to augment | ow sumver flows in the Bitterroot
River. This supplenmental water potentially would enhance the
fishery in the river and reduce degradation of the channel due to
diversion activities.

- The present study was undertaken to: (1) develop an
| npl enentabl e water nanagenent plan for suppl emental releases from
Painted Rocks Reservoir which would provide optinum benefits to
the river: (2 gather fisheries and habitat information to
eval uate the effects of dewatering in the river:  (3) obtain
baseline information that would™aid in determning the
effectiveness of supplenental water releases .in |n8row ng the
fisheries resource. 'Tne study was initiated in July 1983,



DESCRIPTION OF STUDY AREA

The Bitterroot River is located in Ravalli and Mssoul a
Counties in west central Montana (Figure 1). It originates at the
confluence of the East Fork and \West Fork of the Bitterroot R ver
near the town of Conner and flows northerly for approximately 135
km (84 m) to its confluence with the Cark Fork River at
Mssoula. ~ The elevation of the river ranges from 1,222 m
(4,010 ft) near Conner to 942 m (3,090 ftl "at Mssoula. The
gradient of the river averages about3.22% (17 ft/m) near Darby
and about 0.57% (3 ft/m% near Mssoul a (|gEre 2). The basin
drains approximtely 725,212 hectares (2,800 m <),

From Conner to Sleeping Child Creek, the Bitterroot River
flows through arelativel ynarrow nountain valley. Downstream
from Sleeping Child Creek, the river bottom broadens into the
farmands of the Bitterroot Valley. A ngjority of the valley
bott om consists of |rr|%ated cropland or pasturel and. However,
substantial acreage of the valley has been divided into parcels of
| ess than 40acres. These parcel shave been classified as "rural
and suburban tracts" bK the US Department of Agriculture (1977).
| nassoci ation with these "suburban" tracts, the devel opment of
subdivisions is conmon throughout the valley.

The streanbed of the Bitterroot River is typified by Iarge
bars of depr03|ted gravel and an extensive network of side
channels. The wide riparian zone is domnated by a cottonwood
ISFOpulas spp.)/ Ponderosa Pine (Pinus ponderosa) overstory.

umer ous devel oped and undevel oped recreational sites provide good
access to the river.

The river valley is bordered on the west by the Bitterroot
Muntains and on the east by the Sapphire Muntains.  The
Bitterroot Muntains receive up to 254 cm (100 in) of annual
precipitation and the Sapphire wmountains receive up to 127 cm (50
In) of precipitation ( enqer 1973). A majority of the nountain
Bremp[tatlon is snowfall. Numerous tributaries drain the
ordering mountains and supply water for irrigation to the
farm ands of the valley. The west-side streans exhibit greater
seasonal fluctuations in flow than do the east-side Streans
(MMrtrey et al. 1972). Tributaries from the nountains add
considerable flowto the Bitterroot Rver during spring runoff but
many are diverted for irrigation and contribute "little flow during
the” sumer and early fall.

- Painted Rocks Reservoir is located on the West Fork of the
Bitterroot River approximately 36 km (22 m) upstream fromits
confluence with the East Fork. The reservoir was conpleted in
1940 as a nu|t|-purposedpr01 ect and is operated by the Departnent
of Natural Resources and_ Conservation (DNRC). The reservoir has a
storage capaci t5y of 32,362 acre-feet (AF) "and a surface area at
full pool of 265 hectares (Brown 1982). Elevation at the spillway

2
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Is 1,440 m (4,725 ft). As a matter of DNRC jogicy, flow rejjeased
from the reservoir is maintained at 3.45 sec (125 ft2/sec)
during August through Novenber and 2.83 M /sec (100 ££3/sec)
during December through July (DNRC 1980). These flow releases do
not include spill from the reservoir during spring runoff.

Mean, M nimum and naxi mum discharges of the Bitterroot R ver
neasured near Darby over a 46-year period endi n% in 19§3 Ver e
26.4, 2.0 and 325.7 n%/sec (931, 71, and 11,500 ft*/sec),
respectively (USGS 1983).  Annual ow of the ri _er at
M ssoul a  averages aprprom mtely 64.8 nf¥sec (2,290 ftS/sec).
Characteristics of flow nmonitored at the USGS stations
established on the West Fork near Painted Rocks Reservoir, the
East Fork near Conner and the nain stem near Darby have been
sumarized by Brown(1982).  Median values of average monthly flow
recorded at these stations during July, August and Septenber are
(t]|ven in Table 1 Flows in the Bitterroot River downstream from
hegaugi ng station near Darby vary greatly fromreach to reach
due to losses fromirrigation wthdranals and to gains from
tributary inflow and irrigation returns (Figure 1). Critical
dewatering of the river commonly occurs in the reach |ocated
b.ettﬁ/\(fenl mlton and Stevensville as a result of irrigation
wi t hdr awal s.

Three study sections were established on the Bitterroot River
for extensive investigation (Figure 1). The Darby section begins
near the bridge at Darby and extends 9.36 km (5.82 m) downstream
to the Como bridge. This section remains well watered throughout
the year and serves as a control.

The Tucker section begins at Tucker crossing and extends
8.92 km (f5.54 m) downstream to approximately 16 km (I m)
uﬁstream rom Bel'l crossing. This section is characterized by two
channel s that become separated by as rmuch as 1.6 km (1" m),
Because of differences in flow and” habitat characteristics, each
channel was treated as a distinct reach. The Tucker section was
established wthin the reach of river that historically has becone
severely dewatered.

The Poker Joe section begins at the railroad trestle |[ocated
upstream from the Poker Joe Fishing Access site and extends

8.41 km (5.23 m'& dovvnstreafm iho the Florence bridge, This
section, located downstream of the dewatered reach, renains well

watered throughout the year due to a major irrigation return
located near Stevensville.



Table 1. Median val ues of avera%]e rmnthIF%/ flows recorded at
stations on the upper Bifterroot Rver for July, August
and Sept enber.

b F*
Mont h m3/sec ftE/sec m3/sec ft§/sec m/sec  ft3/sec

Juy 7.0 247 8.3 293 28.0 990
August 3.8 135 3.1 108 10.4 367
Sept ember 3.8 133 2.6 91 8.9 313




Parameters of Discharge

Disd] 0 the Ri

Stage o the Bitterroot River was nonitored using Belfort
continuous water |evel recorders (5-FW.ser|esEg. Recorders were
installed near Hamlton, WWodside crossing, Bell crossing and
Poker Joe Fishing Access (Figure 1). At Hamlton, the recorder
was mounted in anabandoned DNRC gauge house above a functional
stilling well. The recorder at \Wodside crossing was nounted on a
3-in (in dianeter) standpipe that was fastened to a bridge
abutment, At Bell crossing, the recorder was nounted on an
observation well installed approximately 2.7 m (9.5 ft) from
waters edge. This well was constructed b?/ pounding a.3-in (in
dianeter) steel pipe about 4.5-6.0 m %15-20. t) into the ground.
Changes in groundwater levels at this site were known to be
closely correlated with changes in river stage (Lere 1984). The
recordér installed near the Poker Joe Fishi nﬁ ccess was nounted
on a 3-in pn di ametera steel standpipe that had been pounded
approximately 1.0 m (3.0 ft) into the streanbed.

Eight day tine scale gears were used to drive the charts for
each recorder. The stage ratio gearing used in recorders at
Ham [ ton and Bell crossing was 12.7 c¢m (5 in) of chart to 30.5 cm
512 in) of water. For recorders at woodside crossing and Poker
?e, the stage ratio was 2.5 cm(l in) of chart to 30.5 cm (12 in)
of water.

Discharge of the river was measured usi n% a Price M current
nmeter according to standard techniques of the USGS (Corbette
et al. 1943). age-discharge rating curves were developed for
each gauging station. Rating curves were used to predict discharge
for hourly stage recordings. Averages of 24 hourly recordings
were conputed to obtain nmean daily discharge.

Wthdrawals bv D versions

Belfort continuous water |evel recorders (5-FW series) were
used to monitor flow in the Hedge, Corvallis, . Suppl aH]d bfogt
diversions (Figure 1). The recorders were installed near the
headgate of each ditch system Recorders were nounted on 3-in gm
dianeter) steel standpipes that had been pounded approximtely 1.0
m (3.0 ft) into the bed of the ditch.

Thirty-two day tine scale gears were used to drive the charts
for each recorder. The stage fatio gearing used in the recorders
was 2.5 cm (L in) of chart to 30.5 cm (12 in) of water.



Flowin each ditch was measured using a Price AA current nmeter
accor di ndg to standard USGS techniques.  Stage-discharge rating
curves devel oped for each diversion were used to predict discharge
for stage recordings taken every six hours. Averages of four
recordings were conmputed to obtain mean daily discharge.

A staff gauge was used to nonitor flow in the Republican
diversion. Ibis gauge, nmounted on a steel fencepost, was |ocated
about 1 km downstream from the headgate. Stage readings were

taken periodically and discharge was conputed from a derived
rating curve.

Test Releases

‘The release of water from Painted Rocks Reservoir was
nonitored using the US.GS station located on the West Fork of

the Bitterroot River. The volume of supplenental water passing
downst ream gaug| ng stations was quantified by conputing the
difference between hourly recorded di schar?e and discharge
projected to occur if water had not been released. Projected
flows were determned graphically fromthe hydrographs derived for
each station. Incremental discharge val ues were converted to
acre-feet and then summed to obtain the total volume of spill
reaching each station. Asimlar approach was used to conpute
fl_olvxll changes in the monitored diversions as a result of the test
spill.

Reservolr Elevations

The el evation of the water |evel in Painted Rocks Reservoir
was ronitored biweekly usmgi_standard survey techniques. \ter
| evel elevations were established from a USGS benchmark
| ocated on the dam

Average monthly inflow into the reservoir was determned using
the formula (Brown 1982):

1 = (Wq-Vahuk where ,
I = Potal monthly inflow éAF),
3/1 Month-end contents (AF),
&

Previous nopnth-end contents CAP) and
Total monthl'y outflow (AF).

W mn

Véter Tenperat ures

Thirty-day continuous recording thernographs (Taylor models)
were used to monitor water tenperatures in the main stem ofthe
Bitterroot River. Recorders were nounted in gauge houses at the
US.GS station near Darby and at the abandoned DNRC station at
Ham [ton (Figure é) Two additional recorders were nounted in
steel boxes at Bell crossing and at Maclay bridge.  The
thernmocouple lead for each thernograph was extended through
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plastic sewer pipe as far as possible into the river and anchored
with rock. A maxi mum mininum thernoneter installed near the base
of Painted Rocks Reservoir was used to nmonitor tenperatures in the
Vst Fork. Thernoneter readings at this site were made biweekly.

Parameters of Trout Popul ations
Popylation Estimat

A nobile electrofishing Sﬁstem was used to sanple trout
gopul ations in the Bitterroot River. A 4.0 m(13 ft) fiberglass
oat with negative electrodes suspended fromthe gunwal es was used
to carry a portable 2,000-watt generator and a Coffelt ;Nbdel
WP- 2E) Tectifying unit. The positive electrode was hand held and
attdac ed with approxi matel y10 m(30 ft) of 14-gauge electrical
cord.

Captured salmonids were classified by species, measured to the
nearest 1.0 mm (total length) and weighed to the nearest 10 grans.
Miltiple marking and recapture runs were necessary to obtain
adeguate sanples for population estimates. Fish were marked with
a caudal fin punch. Sanples of scales were taken for analyses of
age and growth. Al ‘fish were released near their Site of
capture. rmg 1985, spring marking runs were conpleted on April
12 in the Tucker section and on April 23 in the Darby section,
Fal | marking runs were conpleted in the Darby, Tucker and Poker
Joe sections on Beptenber 4, 13 and 25 respectively.  Recapture
runs were nmade approximately 2 weeks fol | ow ng marking runs.

Popul ation estimates were nmade usi n% Chapman' s nodi fication of
Peterson's mark and recapture fornma (Ricker 1975):

N = (Mt! (CH) -1 where

N = Popul ation estimate,
m= Nunber of fish marked,
C = Nunber of fish recaptured and

R = Nunber of narked fish in recapture sanple.

A conputer program devel oped by MDFWP was used to calculate
estimates of populations, condition” factors for fish over 12.6 cm
5in) in total length and corresponding 80% confidence intervals.
stinmates of numbers and bionmass were conPut ed by Ien%th and age
rouPs. Condition factors were calculated using the formula
%Car ander 1969):

K = 10 yhere
13
ondition factor,

K=c¢
W= total weight and
1 = total Ienggth ((r?rrr?.



Age and Growth

Scale sanples were mounted on acetate slides and inpressions
were magnified 63x by a mcro-fiche reader for aging. Scales were
a?ed twce on different dates to verify gremsmn._ Repeatability
of aging (precision) ranged from 78 to 93% A mgjority of the
error was associated with ms-aging older fish by one year.

The anastyrsky_ met hod (Tesch 1971) was used to back-cal cul ate
lengths at age of fish:

Predicted | engthK
n

K x (scale measurement)}™, where
intercept on the ordinate and
slope of the relationship

. The regression formula derived for rainbow trout captured
during the fall, 1984 was:

Predicted Iength

)
Nunber of fish

For brown trout:

Predicted Iength

2
Nunber of fish

7.10855 x (scale measurement)0.8784

0.92
705

5.84627 X (scal e measurement)0-9277

0.94
756

Instream Fl ow Reconmendati ons

The wetted perimeter/inflection point methodol ogy was used to
quantify instream flow recomendations. In general, this
technique derives wetted perimeter-discharge relationships at
sel ected channel cross sections using a hydraulic simulation
model . A graphical plotting of these relationships typically
delineates an inflection point on the derived curve. At this
point, the rate of loss of wetted perimeter greatly increases as
discharge decreases. Nelson (1980) found standing crops of adult
trout substantially decreased in years when flows were less than
derived inflection points. A detailed description of the
rational e and methodol ogy for this technique has been given by
Nel son (1984).

Two riffles located near Hamlton, two riffles located in t
east channel of the Tucker section, two riffles located in t
west channel of the Tucker section and three riffles |ocat
downstream from Stevensville were utilized for analysis
instream flows dunng 1985 (Figure 1).  Wetted perineter dat
were obtained fromthree channel cross sections established at

he
he
ed
0

a

10



each riffle. A flow recomendation for a single riffle was
conput ed b}/ averaging the wetted perineter data predicted for
associated Tlows of interest obtained at the three cross sections.
Inflection point values derived for all riffles within a section
were averaged to obtain a final flow reconmendation.

11



RESULTS AND DI SCUSSI ON
Bitterroot Rver Discharge

Di scharge in 1985

Discharge patterns in the Bitterroot Rver were nonitored at
two permanent (US.GS and four tenporary gauging stations during
1985. The pernanent stations are located on the West Fork near
Painted Rocks Reservoir and on the main stem near Darby.
Temporary stations were |ocated at Hamlton, \Wodside crossing,
Bel [ crossing and Poker Joe Fishing Access (Figure 1).

Hydrographs of the Bitterroot Rver developed during 1985 are
presented in Figures 3 and 4 Dschar?e patterns were
characterized by progressively decreasi n? fTows fromlate My
through md-July as runoff from snownelt subsided. Follow ng
spring runoff, discharge substantially varied from station to
station due to extensive irrigation withdrawals and to inflow from
tributaries and irrigation returns. Mninmum flow levels at main
stem gauging stations were reached during late July. Beginning in
August, 1ncreased precipitation raised flows in the river and
flows again increased in md Septenber as precipitation continued
and diversions were closed. In |ate Septenber, flows began to
decline to approximte winter levels as precipitation |essened.

Approxi mately 34% §347 km) of the main stemwas dewatered to
sone, extent during 1985 (Figure Sr)]. Qritical dewatering was
confined to about "16% (23 kn)” of the main stem located in the
reach of river between Tucker crossing andSt evensville. :Pally
discharge at Bell crossing was |ess than 2.83 mP/sec (100 ft>/sec)
for a_20-day period beginning July 14 and was less than
1.42 m3/sec (ySO ft /sec) for a 13-day period be?! nning July 20.
Mnimum daily flows recorded during 1985 at stations within the
dewatered reach were 6.68, 6.29 and 0.68 m3/sec (236, 222 and
24 £t3/sec) for Hamilton, Wodside crossm%aand Bel | crossing,
respectively. Mnimumflows recorded at Darby and Poker _Joe.,
stations out3|d% of the dewatered reach, were 8.35 and 8.95 m3/sec
(295 and 316 ft-3/sec), respectively.

~Mean daily flows (24-hour averages) obtained from the
Ham [ton, Wodside, Bell and Poker Joe stations for June through
Novenber are given in Appendix Al Rating curves and associated
regression equations of stage-discharge relationships derived for
the four stations are presented in Appendix A2.

Daily di schargie at the US.GS station near Darby during 1985
was consistently 1less than the nmedian historic values recorded for
June and July (Figure 6). However, flows during August were
?reater than nmedian values and flows during Septenmber were conmon-
y greater than 20 percent exceedence |évels (USGS 1985).

12
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_Avera%es of monthly discharge recorded at main stem stations
during 1983, 1984 and 1985 (ﬁears when supplenental water was
rel eased from Painted Rocks Reservoir) are conpared in Table 2.
Jul'y flows during 1985 were substantially less than those recorded
during 1983 and 1984. In contrast, Septenber flows during 1985
were simlar to or greater than 1983 and 1984 flows.

~The distribution of runoff in the Bitterroot Rver is greatly
influenced by weather patterns. Extreme drought conditions during
June and Jul'y contributed to the | owlevel of flowin the river
duringl985 )(Tabl e 3). Total precipitation for June and July at
gauging stations in the valley was almost 5.1 c¢cm (2 in) bélow
normal US Department of Conmerce 1985). In addition, snowpack
in the basin as of May 1, 1985 (US Department of Agriculture
1985) was only 78 percént of average (Table 4). During August and
Septenmber, however, valley precipitation was 10.2 cm (4 in)
?reater than normal.  This increased precipitation contributed to
he greater than normal August and September flows during 1985.

Withdrawalg by Diversions

- Flows in the Hedge, Republican, Corvallis, Supply and \ebfoot
diversions were nonitored during 1985 to assess the effects of
irrigation wthdrawal on discharge in the Bitterroot River
(Figure 1).. I-ydrogra%ohs devel oped for these diversions are
presented in Figures 7 and 8 Mean daily flows (data obtained on
6- hour basis) recorded durlng 1985 are given in Appendix A3
Stage-discharge relationships derived for the five diversions are
presented in ndi x M.

The five diversions, especially the Supply and \Wbfoot
systems, exhibited extreme fluctuations in flow rates during the
nonitoring period. These fluctuations were due primarily to
headgate adjustments and/or channel alterations. The ~chronol ogies
for these nanagement operations are given in Appendix A5,
Di version headgates were opened during late Ray or early April to
begin irrigating crops. Cosures of systenms at the end of the
irrigation season varied from early” August for the Supply
diversion to md September for the Hedge and Republican
diversions. The Corvallis, Supply and Vebfoot "diversions remained
partially opened through the nmonitoring period.

Average monthly discharge obtained for each diversion during
the nonitoring period is presented in Table 5 Wthdrawals during
I\/aeyt rough Septenber averaged 2.75, 3.77, 1.84, 3.34 and
3.65 nP/sec (97, 133, 65, 118 and 129 ft3/sec) for the Hedge,
Republican, Corvallis, Sulggly and \\ebfoot diversions, respective-
|y, Wthdrawal s by the Republican diversion during My and June
a¥1d withdrawal s by the Webfoot diversion_during My, June and July
exceeded their respective decrees. The Hedge, Corvallis and
Suppl'y diversions were maintained for a majority of the nonitoring
period at levels below their respective decrees.

17



Table 2. Man mthly flows (ft3/sec) recorded at the Darby,
Hamlton, woodside, Bell and Poker Joe stations on the
Bitterroot Rver during 1983, 1984 and 1985.

Mont h Year Darby: Hamlton woodsida Bell  Poker Joe
July 1983 1021 - - 1126P -
1984 1492 — 1727P —
1985 398 350 356 164 477
August 1983 486 - — 528P -
1984 525 464P 518 432 —
1985 409 440 435 355 700
Septenber 1983 426 — 535P 486 —
1984 504 795 794 781 ==
1985 458 704 662P 786 1312
Qct ober 1983 438 — 758 763 -
1984 349 591 631 623 —
1985 - 607 707 690 1174
Novenber 1983 355 — 781P 845P —
1984 295 452P 539P 520P -
1985 - 662P 895P 738P 1276P

L UsSGS (1983, 1984, 1985).
P Summary is for an inconplete month.
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Table 3. Monthly precipitation (inches) averaged for 3 stationsl located in the
Bitterroot Valley during the summers of 1983, 1984 and 1985.

TOTAL
June July Auqust Septenber — JQBE:S.QP_\LQIIDQI.Z
< 2 Mean Departure4 Mean Departure

Year Mean Departure“ Mean Departure Mean Departu::e2

1983 1.37 -0.36 2,23 +1.45 2.51 +1.62 1.98 +0.92 8.09 +3.63
1984 1.84 +0.11 0.60 -0.18 1.89 +1.00 1.51 +0.45 5.84 +1.38
1985 0.38 -1.35 0.16 -0.62 2,70 +1.81 3.25 +2.19 6.49 +2.03

1 The 3 stations are located at Darby, Hamilton and Stewvensville
(U.S. Department of Commerce 1983, 1984, 1985).

2 Departure from normal



Table 4. Mean snowpack as of Mayl for 10 stations in
the Bitteroot basin during 1983, 1984 and

1985.
e Snowpackl Weore Tean
1983 19. 05 76
1984 22.52 90
1985 19. 63 78

1 Meanwater content in inches from 10 survey stations
(US. Departnent of Agriculture 1983, 1984, 1985)
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Table 5. Mean monthly flow and decreed rights for the Hedge,
Republican, Corvallis, Supply, and Webfoot diversions on

the Bitterroot River during 1985,

Mean Monthly Flow (ft3/sec)

Hedge 84 84 126
Republican 159 165 140
Corvallis 128 73 59
Supply? 123 166 1

Webfoot3 172 170 126

118

140
150
125

et
~J
[91]

116

1 Case no. 1287 (State Engineer's Office 1958)

2 Decreed rights for Republican and Wood-Parkhurst

(Common headgate)

3 Decreed rights for Webfoot, Union, Etna

(Common headgate)
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Wthdrawal s by the five diversions during June, July, August
and Sfptenber, respectively, tota}ed 18.6, 17.7, 13.5 and
8.0 m/sec (658, 625, 478 and 281 ft=>/sec). Wthdrawals durin
Jul'y and Au%ust weregreater than the mean nonthly flows recorde
at the USGS station near Darby (Figure 9{ Differences
between streanflow and withdrawal “were even greater when all
diversions on the river were used for conmparison. There were an
additional 15 unnonitored ditches diverting water dunngh the 1985
irrigation season. Wthdrawals by these ditches during the peak of
irri gtIOn (July) were estimated to average 0.42 m /sec
(15 ft2/sec)/ As a result, combined withdrawals Dby all diversion
systems on the Bitterro.t River during peak irrigation were
estimted to total 24.1 mdsec (850 ft3/sec). Wthout substantial
returns by groundwater seepage, flows in the Bitterroot River
woul d not he able to sustain the heavy |rr|3at|on demands during
July and August. Returns fromditch loss and unconsumed water b
flood irrigation S|%n|f|cant|y add to existing streanflow These
additions provide tlows to downstreamirrigators and tend to
lessen the effects of dewatering in the river.

Supplemental Releases

A su§)pl enental 15,000 AF of water from Painted Rocks Reservoir
was available for release into the Bitterroot Rver by the MOFWP
during 1985 The release of this water, shown in Figure 3, was
based on a schedul e described in a water management plan devel oPed
in 1984 (Lere 1984). This schedu e was desiangd to maximze the
amount of tine a flow of 10.62 mf/sec (375 £t3/sec) woul d be net
at Bell cross'ng. Releages in 1985 were begun on July 12 _at a
rate of _1.42 nP/sec (50 ft3/sec) and were increased to 3.17 m3_/sec
(112 ££3/sec) on July 30. This rate of release was maint ,ined
through._ Sept enber 22, Add|t|ona||g, a test spill of 3.68 m/ sec
130 ‘ft3/sec) was conducted from July 23-26 to assess downstream
losses.  The release of supplemental water ended on Septenioer 23.

. .Due to the severe drought conditions dunng July, ten
irrigation conmpanies purchased a total of 4,600 AP of watér from
Painted Rocks Reservoir to suPpI enent releases into the river
ETable 6). \ater, for irrigation was released at a rate of
12 m3/sec (75 ft [sec) for the periods of July 30 through August
7 and August 30 through Septenber 20. The conbined vol une of
suppl emental  water released from Painted Rocks Reservoir by the

WP and _|rr|é;at|o_n compani es totg ed 18,046 AR, These releases

were made inadditiontothe 3.54 m?/sec (125 £t3/sec) base flow
mai ntai ned by DNRC.

~ Suppl enental water released during 1985 was insufficient for
mintaining a 10.62 m3/sec (375 ft3/sec) target flow at Bell
Cr 0SSi ng ‘ able 7). During the period fromJuly L through Septem
ber 30, flows were below the target level for 52 days and were
less than 2.83 m?/sec (100 ££3/sec) for 20 days. In Cconparison,
flows at Bell fell below the target level for only 1 day during
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Table 6. Quertity of water purchased from Painted Rocks
Reservoit by irrigation conpanies during the
1985 irrigation season.

Ditch System Quantity Purchased (AF)
Whitesel1l 300
Dal 'y 2500
Qverturf 100
Ti edt - Ni chol son 100
Vard 300
Wodsi de 300
Suppl 500
Wod- Par khur st 100
Uni on 300
Strange 100
Tot al 4,600

1 From East Fork of Bitterroot River
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Table 7.

or equal to _
fromjul y throught Septenter 30 duringl983, 1984and

1985 (Percentage

In parentheses).

Number of days discharge at Bell crossing was |ess than
75, 300, 200 and 100 ft /sec for the

eriod

If\lljnber of days

ow (ft=/sec) was: 1983 1984 1985
<375 1(1) 11(12)  52(57)
<300 0(0) 0 (0)  41(45)
<200 a0 0 (0) 21(23
<100 0(0) 0 (0 20(22
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1983 and for only Ildays during 1984. Flows at Bell crofsing
during, 1983 and 1984 were never less than 85 m /sec
(300 ££3/sec).

Rel eases made by MDFWP during July, 1985 were not reaching
Bel| crossing due to extensive diking on the river and to the
resultant appropriation by irrigation systems. In an attenpt to
protect supplemental releases from being appropriated, the WP
requested water users on the river to petition the district court
for the appointment of a water conmssioner. An agreenment between
MOFWP and the owners of decreed water rights on the river to file
this petition was reached on July 29. As a result, a comm ssioner
was appoi nted August 2 with the understandi nlg that MOPWP woul d pag
his entire cost and that only 75% of the MDFWP suppl ement rel ease
from Painted Rocks Reservoir would reach Bell crossmq. This
aﬁreerrent remained relatively untested, however, because flows in
the river substantially increased during early August as a result
of above normal precipitation,

Test Release fromPai nted Rocks Reservoir

A test release from Painted Rocks Reservoir was conducted
during JuIY, 1985 to quantify downstream |osses of supplemental
water  due to natural phenomenon and to appropriation by |rr|?at|on
systems, Approximately 721 AF of suggl ?regental wat er were released
fromthe reservoir at a rate of 3. [ sec g130 ft=/sec) during
the test (Appendix A6). The release was conducted for a périod of
68 hours beginning on July 23 and was nonitored at five downstream
gauging staticns.

Flows released during the test were progressively dimnished
as the additional water moved downstream Approximately 14% of
the original release was |ost before reaching the Darby station
and about 52% of the original release was lost before passing the
Ham | ton station (Figure 10). Nearly all of the remaining
suppl emental water was diverted or lost fromthe river before
reaching Bell crossm%. Gavel dikes constructed upstream from
Bel | crossing were effectively blocking all flow in the river.
Since agreater percentage of the original release reached the
Poker Joe station than the Bell station, flows apparently were
being diverted around the reach of river at dell crossing and were
llgelkng rJeturnedtothe river viairrigation drains upstream from
oker Joe.

Suppl enental flows were dimnished to a greater extent during
the 1985 test release than during tests conducted in 1984. The
greater losses incurred during the 1985 test were a direct result
of the severe drought conditions. Because of the drought, diking
in the river and the resultant appropriation of water into
irrigation systems was much nore extensive during 1985 than 1984.
Approxi mately 57% (414 AF) of the original 1985 release was
appropriated from the river by the five nmonitored diversions
(Figure 11). Flows in the Hedge, Republican, Corvallis, Supply
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and \Webf oot dyversions 8gai ned an averagg of 0.08, 0.79, 0.20,
0.40 and 0.65 nP/sec (3, 28, 7, 14 and 23 ft /sec1), respectively,
as the test spill passed through the system The Ogai,n for each
ditch system appeared to be a function of headgate design and the
size of "the damat the point of diversion.

Drafti £ B .

The elevation of the water |evel in PaintedRocksReservoir
was nonitored periodically during the 1985 irrigation season to
evaluate the effects of accelerated drafting due to the release of
purchased water. Elevations and associated storage vol umes
neasured at the reservoir are presented in Table 8 "All usable
Storage in Painted Rocks Reservoir was drained during 1985 to neet
the base flow poth of DNRC and to provide for the release of
purchased water. The level of the reservoir, followi nq spring
runoff, remained at ok above full pool thrpugh early Ju Y From
md July through md Novenber the reservoir™level was steadily
drawn down, BP/ Decenber 1, the level of the reservoir was down to
the elevation level of the outlet.

End of the month contents for June.throu?h Cctober were |ess
than the 90% exceedence val ues shown in Table 9 fgwen by Brown
1982). In addition to the release of approximately 18,000 AF of
purchased water, the early summer drought also contributed the
accelerated drafting of "the reservoi (e Tat g |r5fl ow to the
reservoir was estimated to average 2,80 m®/sec (99 ft3/sec) dpring
July, 31.90 m /sec (6/ f£t3/sec) during August and 2.27 m3/se¢
(80" ft2fsec) during Septenmber. Inflows tor July and August,
respectjvelv, were Iesg3 than the m%du;m val ues of 6.94 m?/ sec
(245 fr3/sec) and 3.20 m3/sec (113 ft3/sec) given by Brown (1982).

\ter Tenperatures

\\est Fork of Bitterroot R ver

Vter tenperatures in the West Fork of the Bitterroot River
near the base of Painted Rocks Reservoir were nmonitored from March
11 throug%h Decenber 21, 1985. Recordings from a maximuni m ni mum
thernoneter and individual observations are presented in Fi gure
12. Water tenperatures ranged from 0.3 tol7.8 C (32.5 to 64 F
during 1985. ~ Tenperatures warmed progressively through June,
cool ed somewhat during July, and then warmed again through md
Septenber.  The maxinmum recorded tenperature was reached during
the second half of septernbex. The cooling trend that occukked
during July was probably due to the ending of reservoir spill
followng runoff. = Water spilled (uncontrolled) from the crest is
probably WarNer than water released fromthe outlet at the base of
the dam \Water tenperatures did not appear to ke significantl
effected by the release of supplenental water. Spot Gbservation
on July 307indicated tenperatures 08?| ed apout 1,1 € (2.0 F) uPon
the release of an additional 3.09 n?/sec (109 £t°/sec) from the
reservoir.,
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Table 8. \Water elevations and associated storage neasured in
Painted Rocks Reservoir during 1985.

Dat e Elevationt Storage®
(ft) (acre-feet)
6- 14- 85 4,725.92 31,998
6-27-85 4, 725. 57 31, 707
7-11-85 4,725.01 31, 409
7-29-85 4,717.61 26, 922
8-12-85 4,707. 41 21, 403
8- 26- 85 4,697.18 16, 652
9- 16- 85 4, 672.68 8, 752
10- 3-85 4,659. 42 5. 439
10-23-85 4,651 41 3,848
12- 1-85 4,625.503 656

1 Elevation of spillway is 4,725.3 ft.

2 Storage values for 6-14 through 8-26 were determned by a DNRC
rating table and for 9-16 through 12-1 values were obtained from
a rating table given by Brown (1982).

3 Hevation of outlet
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Table 9. Median and 90% exceedence pues for nonth-end contents
at Painted Rocks Reservoir.

Month m%ﬁ
June 32,070 31, 765 31, 707
July 31,960 29, 840 26, 922
August 30, 625 21,711 16, 652
Sept enber 217,215 12,850 5,439
Cct ober 21,275 6, 000 3,848

1 From Brown (1982)
2 values obtained within 7 days of the end of the nath
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Figure 12.
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MONTH

Water temperatures monitored in the West Fork of the Bitterroot River
near Painted Rocks Reservoir during 1985. Bars represent max imum/
minimum thermometer readings. Plus signs represent individual
thermometer readings.



Main St £ the Bitt ¢ Ri

Vit er tenperatures in the Bitterrcot Rver were monitored from
early March through |ate Novenber at stations established near
Darby, Hamlton, Bell crossing and Maclay bridge (Figure 1).
Tenperatures in the river progresswely warmed from early March
through md July (Figures I3 and 14). In addition, water
tenmperatures progessively warmed in a downstream direction to Bell
crossing.  However, daily maximum tenperatures remained simlar
between Bell crossing and Mlay bridge throught the nonitoring
period. Cooler tributary inflow and groundwater seepage probabl
prevented further warming of the river downstream from Bel
crossing.  Maximum water tenperatures recorded at the Darby,
Ham|ton, Bell and Maclay stations were 20.6, 23.4, 22.8 and
22.2 C (69, 74, 73 and 72 F), respectively. Maxi mum t enper at ur es
for each station were recorded on July 9 or July 10, two or three
days prior to the period of severe dewatering.

Daily maxi mumtenperatures recorded during the nonitoring
eriod averaged 10.6, 11.9, 12.8 and 12.7 C (51.0, 53.4, 55.1 and
4.8 F) at the Darby, Hamlton, Bell and Maclay stations,
respectively. Fluctuations in daily tenperature at the respective
stations averaged 3.6, 3.6, 3.4 and 1.8C (6.5 6.4, 6.1 and 3.3
F). Daily records of maxinum and m ninum water tenperature for
the four stations are given in Appendix B.

_I\/bnthlg/ means of maxinum water tenperature (dailyg recor ded
during 1985 are conpared to 1984 means in Figure I5. Maxi mum
tenperatures from April through July were warmer in 1985 than in
1984.  In contrast, maximum tenperatures from August through
Novenber were generally cooler durln? 1985. ntrasts 1in
tenperature were likely related to the differing weather patterns
betwen years.

VWater tenperatures that are greater thanl7-20 C (63-68 F)
have been shown to exceed the physiological optimm for growth in
sal monids (Brett et al. 1969, Brockson and Bugge ,1974).
Tenperatures duringl985 exceeded19.4 C (67 F) on 5 42, 36 and
36 days, respectively, at the Darby, Hamlton, Bell and Maclay
stations. These data Indicate water tenperatures in the Bitter-
root River uRstream from Darby were probabIY optimal for trout
survival, Athough probably adéquate, water tenperatures down-
stream from Ham|lton were sonmewhat |ess than optimal for trout
viability during 1985. Main stemwater tenperatures did not appear
to be significantly effected by supplenental releases from the
reservoir,

~Somewhat unexpectedly, the severe dewatering that occurred
during 1985 did not generafe critically warm water tenperatures in
the river. Thepotential for high tenperatures associated wth
devvater|n% aPpeared to be noderated by cooler groundwater seepage
into the Bitterroot River.
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Figure 13. Five day averages of naxi num water tenp-
eratures recorded at the Darby, Hamlton and Bell
stations on the Bitterroot River during 1985.
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Fi sh Popul ations

Species C it]

- FEighteen species representiq 7 famlies of fish are present
in the Bitterroot Rver (Table 10). O these, 14 species have
been captured since the inception of the study. Predom nant
(t;anehsh, in order of abundance, were nountain whi'tefish, rainbow
rout and brown trout. Predomi nant non-game specjes included
| argescal e and | ongnose suckers, |ongnose™dace, redside shiner,
northern squawfish and slimy sculpin.

Spring Population Estimat

Tne numbers and sizes of each species of trout captured in the
Darby and Wker sections during the Spring, 1985 are presented in
Appendix C. Rainbow trout conprised a ngjority of the total
numbers collected in the Darby section (control) and brown trout
conprised a mpjority of the total nunbers collected in the Tucker
section (dewatered). Both rainbow trout and brown trout collected
in the Darby section averaged less in total length and weight than
those collected in the Tucker section. Length frequency
distributions for rainbow trout and brown trout collected during
the spring are presented in Appandix G and C3, respectively.

. Estimates of the nunbers and bi omass of age I+ and ol der
rainbow trout and brown trout obtained during the Spring, 1985 are
Bresent ed in Appendix C4 Densities. for both rainbow trout and
rown trout were significantly less in the Darby section than in
the Tucker section. These data, however, are not conparable to
previous fall estimates due to the inability to obtain estimtes
for yearling fish and due to the |ikelihood that adult rainbow
trout were mgrating into the tributaries to spawn during the

spring.

Estimated nunbers of rainbow trout and brown trout obtained
during the Spring, 1985 are conpared to 1984 spring estimates in
Figure 16. Wth the exception of rajnbow trout in the Darby
section, estimated nunbers of trout did not significantly vary
between 1984 and 1985.. Rainbow trout nunbers in the” Darby
section, however, significantly declined between vyears. The
decline in 1985 may have been due, in part, to an overlapping
between the time estimtes were conpleted and the start of the
rainbow spawning season.  Since population estimates were
(;onPI. eted approximately two weeks later in 1985 than in 1984, it
is likely that nore si)avvners.had moved into the tributaries prior
to the finish of the 1985 estimate.

Fall Population Estimat
The nunbers and sizes of each species of trout captured in the

Darby (control), Tucker (dewatered) and Poker Joe (rewatered
sections during the Fall, 1985 are presented in Appendix
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Tabl e 10.

abundance in parentheses).

Fish species present in the Bitterroot Rver (Relative

ESQCI DAE .
Esox | uci us

CYPR NI DAE
=
Rhinichthys cataractae
Mylochellus .'wl Teatus
Pt ychochei | us oregonensi s

CATOSTOM DAE

Catostomus catostomus
Catostomus macrocheilus

(ENTRARH DAE
Micropterus salmoides
Lepomis gibbosus
PERCI DAE
Perca flavescens

COTTIDAE

Cottus cognat us
Cottus confusus

*Rai nbow trout (A
*Brown trout (A)
*Qutthroat trouf,(cy2
*Brook trout ()2
*Bull trout (R
*Mountain whitefish(A)

Northern pike (R

*Longnose dace (A
Peanouth (R

*Redsi de shiner (A
*Northern squawfish (A

*Longnose sucker (A
*Largescal e sucker (A

*Lar gemout h bass (R)
*Punpki nseed (R

Yel | ow perch (R

*Siny sculpin (A
Shop%/head |%cul é|)n (U

1 Relative abundance - A=abundant, C=commm, Rerare,

U=st at us unkown. |
2 Abundant in tributaries.

*Speci €S captured Since inception of study.
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Rai nbow trout was the predom nant species captured in the Darb

and Poker Joe sections, conprising 56 and 85% respect|ve|%/, 0

the total nunibers of trout collected. In contrast, brown trout
was the predom nant species captured in the Tucker section,

comprising 62% of the total numbers of trout collected. The nean
total length and weight of captured rainbowtrout was least in the
Darby section, intermediate in the Tucker section and gireatest in
the Poker Joe section.  For brown trout, mean total length and
Wei ?ht was least in the Darby section and ?reates_t in the Tucker
section. Lenqth frequency distributions for rainbow trout and
brown trout collected during the fall are presented in Appendix (6
and C7, respectively.

Estimates of the nunbers of rainbow trout and brown trout
obtained in the three sections during the Fall, 1985 are shown in
Figure 17. Estimated nunbers of rainbow trout per kiloneter were
S|(Iz<n|f|cant|y greater in the Darby section than in the Tucker or
Poker Joe “sections.  Estimated” nunbers of brown trout, in
contrast, were simlar between the Darby and Tucker sections. In
the Poker Joe section, too few brown trout were captured to
obtain an estimte.

The ow population levels of trout estimated in the Poker Joe
section were unexpected since this reach of river did not appear
to have dewatering problems, poor habitat characteristics (un-
measured) or unfavorable water quality (selected paraneters
presented in Lere 1984). Although not assessed, densities of
rainbow trout and brown trout in the Poker Joe section may be
limted by inadequate recruitnment of juveniles into the popul a-
tions. Few tributaries enter into this reach of river to provide
spawning and rearing habitat for trout.

Sanples of scales collected during the Fall, 1985 are
currently being nounted on acetate slides. Population estimates
will be conputed for individual age groups (age |+ and ol der fish)
\fl\hen| scal e anal yses are conpleted and will be presented in the
inal report.

Changes 0 Trout PFopulations
~ The numbers. of rainbow trout in the Darby section have
increased approximtely 246% since population estimates were first
obtained in 1982 (Figure 18). This increase may have been due to
a change to restrictive fishi ng| regul ations begun in 1982 and/or
to the release of supplenental water (15000 AF) from Painted
Rocks Reservoir begun in 1983. Although the data were
inconclusive, the increase in rainbow trout numbers in the Darby

section appeared to be attributable more to supplemental water
rel eases than to regulation changes.

. Possession limts in the Darby section were changed froma
limt of 10 fish or 4.5 km (10 I'bhs7 plus 1 fish to 5 fish under
356 nm (14 in) or 4 fish under 356 mm (14 in) and 1 fish over
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Plus or mnus 80% confidence intervals.

43



1200~

g

NUMBER PER MILE

Fi gure 18.

D DARBY e
750
TUCKER
625
g :
282 | 5004
Pt 0.
=4
&
s >
4
!%
] Ry
380 ]| 250
B
a2 / / 125
220 /
% 2
" /
982 1983 1994 1995

RAINBOW TROUT-FALL

Nunbers of rainbow trout

estimated in the study

sections of the Bitterroot River during the Fall
1985 with comaprable estinmates obtained in 1982,

1983 and 1984.
interval s

44

Pl us or

m nus 80% confi dence



457 nmm (18in). Regulations also were restricted to the use of
artificial lures. Regulations were restricted in the Darby
section in an attenpt to increase the number of fish greater than

356 mm (14 in) in l'ength. However, estimated numbers of these
larger fish have not substantially changed since 1982

~ Supplenental releases from Painted Rocks Reservoir have
increased mean monthly flow in the Darby section by about 2 12
m /sec(75 ft [sec) during August and Septenber (Figure 19). This
additional water in the Darby section appeared to inprove
recruitnent of %/earlmgs into the population.  Although population
increases in the Darby section appeared to be primarily
attributable to supplenmental water releases, changes in rainbow
trout nunbers could not be directly correlated wth summer flows.

In the Tucker section, nunmbers of rainbow trout have increased
approxi mat | ey 237% since popul ation estimtes were first obtained
in 1983 (Figure 18). Possession limts in this section were
changed in 1982 froma limt of 10 fish or 4.5 km (10 Ib) plus 1
fish to 5 fish with only 1 of which could exceed 356 nm (14 in) in
length. Again, population increases may have been due to regula-
tion changes and/ or _squI emental water releases. However, it is
unlikely that the rainbow popul ation in the Tucker section has
been enhanced by supplenental releases from the reservoir since a
majority of the water released has been lost via natural phenonon
or appropriation before ever reaching this section of the river.

The severe dewatering of the river during July, 1985 di dnot
result in a decline in the nunbers of adult rainbowtrout in the
Tucker section.  Since critical dewatering in the river occurred
for only a relaHveIP/ brief period of tine, adult rainbow trout
nmay have been able to endure the adverse effects of |ow flow
Additionally, any adverse effects of dewatering on an already
depressed rainbow trout population may have been undetectabl e.
Al'though not assessed, numbers of young of the year rainbow trout
may have been S|?n|f|qant|y reduced by dewatering since rearing
areas are among the first "types of habitat to be effected by flow
reductions. (Sando 1981).

~The nunbers of brown trout in the Darby section have not
significantly changed since population esfimtes were first
obtained in 1982 (Figure 201. Apparently, the change to nore
restrictive fishing regulations and the release of supplemental
water fromthe reservoir have not significantly enhancedadul t
brown trout populations in the Darby 'section. In contrast, brown
trout numbers in the Tucker section have increased approximately
162% since population estimates were first obtained in 1983. 'lbe
severe dewatering during 1985 did not result in a decline in the
nunbers of adult "brown trout in the | &er section. As with rain-
bow trout, however, goung of the year brown trout may have been
substantially effected by depletions in flow Further assessments
are needed to determne ‘the effects of dewatering on the rearing
habitat of young of the year trout in the Bitterroot River.
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Figure 19.
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Age Structures of Trout Popul at i ns

Age structures of rainbow trout populations in the Darby and
Tucker sections are compared in Figure 21, In the Darby section,
age |+ fish conprised the greatest proportion of nunbers anong age
groups for estimates obtained during 1982, 1983 and 1984. Nunbers
of rainbow trout in all a%e groups, especially age |+ fish,
increased between 1982 and 1984, The release of additional water
fromthe reservoir apparentI%/ has enhanced habitat for youn?_ of
the year fish and, as a result, has increased the nunber of fish
surviving to becone yearlings. The increase in the nunbers of
age |11+ and ol der fish may have been due to the change to nore
restrictive fishing regulations.

_For the population estimte obtained in the Tucker section
during 1983, ‘age 11+ and ol der rainbow trout predom nated nunbers
among age groups. In contrast, age I+ and I[+ fish predom nated
numbers among age groups during 1934,  The increase in the nunbers
of age I+ and |1+ rainbow trout between 1983 and 1984 may have
been due to inproved survival of juveniles and/or immgration of
juvenile and yearling fish into the section.

Age structures of brown trout populations in the Darby and
Tucker sections are conpared in Figure 22. Age |+ brown trout
predom nated nunbers anong age groups in the Darby section.
Again, increased nunbers of yearling fish between and 1984
Indicated recruitment may have been enhanced by water releases.
In the Tucker section, ~age IV+ and ol der fish conprised the
%reatest proportion of nunbers anong age groups during 1983. In
984, however, brown trout numbers were alnost equally distributed
among agegroups due to increases in the nunbers of age I+, I+
and 11+ frsh. The increase in brown trout nunmbers between years
appeared to be attributable to immgration of fish into the
section.

Comparison of Standing Crop Between Sections

Total nunbers and bi omass of trout are conpared between the
Darby and Tucker sections in Figure 23. Total nunmbers of trout
were significantly ?reater_ in the Darby section than in the Tucker
section for all fall estimates. Fewer nunbers of fish in the
Tucker section indicate that dewatering during the jrrigation

season is reducing the carrying capacity for trout within this
reach of the Bitterroot River.

Total biomass estinmates of trout, in contrast wth nunbers,
werenot significantly different between sections for all fall
estimates. Simlar bionmass estimtes hetween sections, however,
does not necessarily indicate population levels in the Tucker
section are not being limted by a dewatering problem The

dewatered reach of the river, if not severely depleted by
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irrigation wthdrawals, would have greater sunmer flows than the
Darby section. Wthout the dewatering Erobl em the standing crop
of trout should be greater in the Tucker section than the Darby
section since more water woul d provide nore space for fish.

Condition Factors for Trout

The mean condition factors (a measure of fitness) for rainbow
trout and brown trout captured in the Darby, Tucker ‘and Poker Joe
sections during 1982,1983,1984 and 1985are presented in Table
11, These data indicate the condition of rainbow trout and brown
trout in all three study sections is relatively good.  Mean
condition factors for both species did not significantly vary
among study sections or among Yyears.

- The release of smenmental water from the reservoir has not
inproved the fitness of trout in the river. In addition, the
condition of trout in the Tucker section was not deteriorated by
the severe dewatering during 1985. Apparently, condition factor$
for rainbow trout and brown trout are not related to varying
discharge in the river.

Growth Rates for Trout

The mean total length at time of capture and the back-
calculated length at age for rainbow trout and brown trout
collected during the Fall, 1984 are presented in Appendix C8 and
(9, respectively. The growth increments of back-calculated length
for rainbow trout averaged 8.2 nm (3.20 in) in the Darby section
and 84.8 nm (3.34 in in'the Tucker section.” For brown trout, the
increnents of back-calculated Iength averagqed, 91.6 nm (3.61 in) in
the Darby section and 96.3 mm (3.79 in) in the Tucker
section. Gowth rates for both rainpow trout and brown trout
appeared simlar between sections. In addition, increnents of
%rot\;\l/th ;)or both species were simlar between 1983 and 1984
Table 12).

Gow h rates apParentIy were not enhanced by the rel ease of
suppl emental water from Painted Rocks Reservoir.  The effects of
devvatenntrz on growh has not been ful Igy assessed, however, since
grow h rafes CO[TPUI ed during 1983 and 1984 were obtained follow ng

several years of good sumnmer flows. Analyses of age and growt h
for trout collectfed during the Fall, 1985 (tollowng severe

dewatering) have not been conpleted. Upon conpletion, these data
wll be conpared to 1983 and 1984 data to more fully assess the
effects of dewatering on growth rates of trout.

Tag Distributions and Prelimnary Estimtes of Harvest

Selected sanples of trout captured while electrofishing were
marked with individually numbered Floy tags to evaluate novements
and to obtain an index of angler harvest.” Atotal of 2 781 Floy

tags has been distributed in trout in the Bitterroot River sincé
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Tabl e 11.

Meancondition factors (K for rainbow trout

trout greater than 127 nm (5 in)
study sections of the Bitterroot

and brown

in_total length from

River during 1982,

1983, 1984 and 1985. Standard deviations in
par ent heses.
Fall  Fall Spring Fall Spring Fal
SECTION SPECI ES 1982 1983 1984 1984 1985 1985
Dar by Rainbow trout 1,00 1.06 1.01 1,06 1.03 1.10
(0.11) (0.14) (0.09) (0.16) (0,10) (0.15)
Brown trout 1.09 0.99 1,06 1,01 1,10
(0.14) (0.10) (0.16) (0.09) (0.14)
Tucker Rai nbow trout 1.04 1.04 1.07 .1.07 1.16
(E Channel) (0.09) (0,11} (0.13) (0.10) (0.16)
Brown trout 1.02 1.00 1,04 1.01 1,11
(0.09) (0.09) (0.12) (0.11) (0.13)
Tucker Rai nbow trout 1.04 1,02 1.06 1.02 1.13
(W Channel ) (0.12) (0.10) (0.14) (0.12) (0.16)
Brown trout 1.01 0.98 1.01 0.98 1.08
(0.10) (0.09) (0.11) (0.09) (0.12)
Poker Joe  Rainbow trout 1.05
(0.12)
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Table 12. Gowh increments of back-cal cul ated length for rainbow
trout and brown trout collected in the study sections
of the Bitterroot Rver during 1983 and 1984.

Mean increment of Annual Growth (mm)

. Darby Tucker
Speci es 1983 1984 1983 1984
Rai nbow trout 81.9 81.2 77.6 84.8
Brown trout 96.0 91.6 91.0 96.3
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the inception of the study (Table 13). The species tagged included
1393 rainbow trout, 1314 brown trout, 58 cutthroat trout, 2 brook
trout and 14 bull trout. A mpjority of these tags were
distributed in the Darby, Tucker and Poker” Joe sections.

Prelimnary estimates of the harvest of tagged fish are
presented in Table 14. Due to the poor conpliance by anglers in
returni nP tag information, harvest rates based on tag returns
undoubtedl’y greatly underestimted actual harvest rates for trout
in the Bitterroot” River. Returns indicated only 2.2% of all
marked rainbow trout and 3.2% of all marked brown trout were
harvested by anglers. Harvest rates for rainbow trout were
reatest in the reach of river located between Bell crossing and
tevensville. For brown trout, harvest rates were greatest
between Coma bridge and Hamlton. Information returned bK anglers
indicated 25% of the ta%ged rainbow trout and 12.5% of the tag?ed
brown trout captured he
river.

Ile fishing were released back into

Evaluation of Mc ts_from Tag R .

~ The nunber of recoveries of tagged trout and the amount of
tine at large between marki n% and last recovery for fish
recaptured by electrofishing in the Darby and Tucker sections are
presented in Table 15. Tagged brown trout were recovered nore
frequently than rainbow trout. Approximatel y24 and 38%of the
brown trout tagged in the Darby and 'Drcker sections, resgecuvelgl,
were recovered “at least once. "For rainbow trout, about 20 and 22%
of the nunber tagged in the Darby and Tucker sections,
respectively, were recovered at |east once. About 58% of all
tagged fish recaﬁtured, by electrofishing were recovered nore than
once. Sonme of these fish were recovered as many as seven tines.

The anount of tine between marking and |ast recagture for
trout tagged in the Darby section averaged 207 days (6.8 months).
In the Tucker section, the anount of tine at large for ta?
recoveries averaged 161 days (5.3 nmonths). The average time a
large was greater 1n the Darby section because the distrrbution of

ta?s was begun earlier. Ta?,d| stributions were bequn during the
Fal'l, 1982 in the Darby section and during the Fall, 1983 in the
Tucker section.

Movenents nmade by tagged trout in the study sections are
presented in Table 16. The distance and direction tagged fish
moved appeared to be simlar anong study sections and between
species. O 266 rainbow trout relocations, 29 (10.9% nmoved 2 km
or nore from their original tag site or previous recapture site.
O 502 brown trout relocations, 44 (8.8% made novenents of 2 km
or nore.  The distance noved averaged 3.4 km (2.1 n) for rainhow
trout and 3.6 km (2.2 m) for brown frout. Both species of trout
exhibited more downstream novenent than upstream novenment. The
farthest distance noved b%/ a tagged fish recaptured by
el ectrofishing was 356 km (221 m) in a downstreamdirection.
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Table 13. Distribution of tags for trout captured in the Bitter-
root River from September, 1983 to November, 1985.

Distril 3

Locati on Ral nbow srown Qutthroat Brook Bull

(km from muth) trout trout  trout  trout trout

Darby to Com bridge 329 144 13 0 9
(126.0 - 115.0)

Coma bridge to Hamlton 61 24 2 0 1
(115.0 - 92.0)

Hamlton to Tucker 98 124 1 0 0
(92.0 - 76.0)

Tucker to Bell 531 843 24 2 4
(76.0 - 65.0)

Bell to Stevensville 58 127 10 0 0
(65.0 - 53.0)

Stevensville to Florence 313 48 8 0 0
(53.0 - 37.0)

Florence to Looking Q ass 3 4 0 0 0
(37.0 - 32.0)

TOTAL 1393 1314 58 2 14
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Table 14. Tag distributions and prelimnary estimates of angler harvest in the
Bitterroot Rver as indicated by tag returns for the period from Septenber,
1983 to Novenber, 1985,

Namber  Nunber % Number Number %
Locat i on Tagged Harvested Harvested Tagged Harvested Harvested
Darby to Cono 329 6 1.8 144 5 3.5
Cono to Hanilton 61 2 3.3 24 2 8.3
Ham[ton to Tucker 98 2 2.0 124 6 4.8
Tucker to Bell 531 13 2.4 843 26 3.1
Bell to 58 6 10.3 127 2 1.6
Stevensville
Stevensville to 316 1 0.3 52 1 1.9

Looki ng @ ass
TOTAL 1393 30 2.2 1314 42 3.2




Table 15. The nunber of tagged fish recoveries and the nean number of days at large to

| ast recovery for trout recaptured in the stud
River for the period Septenber,

1983 to J

une, 19%5.

sections of the Bitterroot

Recapt ures

Tot al Numberd/ Number4/
, Nunfoer of of
Section Speci es Tagged  Tags Per cent Rel ocat i ons Mean Range
Dar by Rai nbow 464 93 20.0 132 206 | - 925
Br own 254 60 23.6 103 208 | -706
Tucker Rai nbow 238 59 24. 8 85 132 2-560
East Br own 310 127 41.0 216 165 2-562
Tucker Rai nbow 183 35 19.1 49 155 2-583
west Brown 317 112 35.3 183 176 2-596

Y/ First recovery

2/ Al recoveries including nultiple relocations
3/ Nunber of days at large from mark to last recapture



Table 16. Movements of tagged trout in, the Darby and Tucker sections which were
recaptured by el ectrofishing a/ Guring the period Septenber, 1983 to June,

1985.

No

Number Distance Moved (km} Number Distance Moved (km) Number

Section  Species of fish Mean Range of fish Mean  Range of fish
Darty Ral oW 3 3.3 23570 8 35 2072 120
Br own 5 30 2.3-4.2 6 3.3 2.4-4.6 92
Tucker Rai nbow 3 4.0  3.5-4.3 7 3.3 2.0-4.5 75
East Br own 8 3.5 2.0-5.5 8 3.6 2.0-5.5 200
Tucker Rai nbow 1 2.1 6 4.6  2.7-7.4 42
west Br own 5 4.5  2.6-8.2 12 32 2147 166
Tot al Rai nbow 8 34 2150 21 3.7 2.0-7.4 237
Br own 18 3.6  2.0-82 26 3.4 2.0-5.5 458

a/ Includes multiple relocations. Movenents were measured between consecutive recapture

Si tes.
b/ Mowvenent> 2.0 km



This rmovenent was made by a rainbow trout that had been tagged in
the Darby section. The farthest distance noved by a tagged fish
recaptured by angling was 95.1 km (59.1m). This novenent was

made by a brown trout tagged near the Tucker section and
recaptured in the dark Fork River near Frenchtown.

Movenents made by nost trout appeared to be unrelated to
spawning behavior. A nmgjority of marked fish remained within 2 km
(1.2 km of their original tag site or subsequent relocation
site. However, several tag recoveries for hboth species indicated
an associ ation between their movements and spawning behavi or.
These were sexual|¥_ mature fish that made substantial movements in
an upstreamdirection during their spawning season. Some Sspawning
mgration undoubtedly does occur in the river and tributaries but
is difficult to document based solely on tag recoveries.

Trout did not appear to move out from the dewatered reach as
flows became severely depleted during 1985 Congregations of
trout, some With tags, were vi suall?/ observed in the remaining
pools within the dewatered reach when flows became critically |ow
In JuI%/. Al though not docunmented, trout also may have mgrated
into the ditch systens during the low flow period. Further
evaluation is needed to determne the extent of ditch use by fish
during low flow conditions in the Bitterroot River.

Minimum Flow Recommendations

Instream Fl ow Needs for Trout

Recomrendations for instream flows needed to maintain trout
poPuI ations in the Bitterroot River were determned using the
wetted perinmeter/inflection point nethodology. During 1985 this
met hodol ogy was applied to two riffles |ocated near Hamlton, two
riffles located in the east channel of the Tucker section, two
riffles located in the west channel of the Tucker section and
three riffles located downstreamfrom Stevensville (Figure 1).
The riffles surveyed near Hamlton and in the Tucker section were
located within the dewatered reach of the river. The riffles
surveyed downstreamfrom Stevensville were located in the reach of
river that is rewatered by irrigation returns.

- \etted perineterilis charge relationships obtained fromthe two
riffles near Hamlton, based on a conposite of three cross-
sections for each riffle, are presented in Appendix D and D2.
The upper inflection points from these relationships were chosen
as recomrendations for instream flows because discharge val ues
associated with the jower |aneCt3ion points were substantially
less th nthe 10.6 nP/sec (375 ft-°/see) recommendation derived
from analysis of 2 riffles during 1984. The upper inflectiog
point 5" both riffles surveyed near Hamlton was 12.7 m
(450 tt_/sec). Thig fl ow recomrendation for the dewatered reach

/

I's 21m3/sec (75 Ft3/sec) greater than the recommendation derived
during 1984.
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- \etted perirreter-dischar?e relationships obtained fromriffles
in the east and west channel's of the Tucker section, based on a
conposite of three cross-sections for each riffle, are presented
in Appendix D3 and D4, respectively. Discharge values associated
with inflection I NS derlvedfom riffles in the east channel
averaged 4.95 md/sec (175 ft3/sec). In the west channel

di,scharge val u$s associated with inflegtion points ayeraged 5. 10
m /sec %180 ft /sec). A flow of 10.1 m“/sec (355 ft /sec), the
sum of the reconmendations derived for each channel, appears to be
needed to maintain trout populations in the Tucker section.

- A summary of instream flow recomendations derived from
riffles wthinthedewatered reachofthe river is presented in
Table 17. Recommend gtions have Eanged from 9.2 m/sec
(325 ft3/sec) to 12,7 I’ﬂ%/sec (450 ft3/secr. A flow of 11.35
m3/sec (400 ft3/sec), an average of all derived recomendations,

aﬁpears to be necessarY for the maintenance of riffle habitat with
the dewatered reach of the river. However, this mninum flow is
seldom net during the summer and fall due to substantial
irrigation wthdrawals. As a result, supplenmental water purchased
from Painted Rocks  Reservoir should be mnaged in a manner which
woul d meet this mninumflow recommendation for the greatest
possi bl e amount of tine.

A management plan for purchased water from the reservoir was
fgrrml ated in 139 4 to maximze the amount of time that a 10.62
m/sec (375 ft3/sec) flow would be nmet at Bell crossing (Lere
1984).  In the managenent plan, 15,000 AF of supplemental water
was predicted to be able to maintain this target flow for
aﬁprom mately 53% of the tine. Cobviously, reconmended flows for
the dewatered reach cannot be met during |ow water years. During
extremely dry years, as in 1985, supplemental reservoir water
woul d be ablé fo maintain onlry a trickle between pools unless
rel ?ases could be protected from appropriation by irrigation
system

- \etted perinmeter-discharge relationships and associated
inflection points obtained from the three riffles |ocated
downstream from Stevensville are3presented in Appendix D5 D6 and
DI. A flow of 8.5 m3/sec (300 ft3/sec), the average of the three
conposite inflection points, appears to be necessary for the
mai ntenance of rifle habitat in this rewateged reach” of yiver.
This recomendation is less than thell.35 m?/sec (400 ft 2/sec)
recommendation derived for the dewatered reach. This contrast may
be due to differences in channel norphology between reaches. The
channel in the dewatered section of river is unstable and, as a
result, is abnormally wide with poorly defined stream banks. In
conparison, the channel in the rewatered reach is relativel

stable. Because ofthisgreater stability, the rewatered reac
aﬁparently requires lower flows to maintain riffle habitat than
the dewatered reach.
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Tabl e 17.

Summary of instream flow recommendations derived from
riffles within the dewatered reach of the Bitterroot

| nstream Fl ow

Locat i on Recommendat 3on

Year of riffle B/ sec ft?sec

1984 Bel | crossing 9.20 325
(1 km upstrean

1984 Bel | crossing 12.04 425
(2 km downst r ean)

1985 Hami [ ton 12.70 450
(at North bridge)

1985 Hami [ ton 12.70 450
(112 km bel ow Bl odgett)

1985 Tuckerd’ 10.10 355
(East & West Channel)

AERAGE  11.35 401

a/ Recommendations sunmed for east and west channels.
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An 8.5 m3/sec (300 £t3/sec) flow recommendation for the
rewatered reach is substantially less than the median nonthly
flows (April through Cctober) derived from 12 years of record at
the station near Stevensville. The median values for the |ow
flow nynths of August, Septenmber,and Qctober are 19.7, 20.7, and
23.7 m /sec (697, 730 and 836 ft /sec), respectively., August
flows at the DNRC station averaged | ess than the 8.5 n/sec (300
ft /sec) recomrendation in onldy 2 of the 12 years on record.
Apparently, reservoir water woul d sel dom be needed to supplement
fl'ows within the rewatered reach of the river.

R tional Floating Requl !

The m ni num depth and width of water required to allow passage
of drift boats and rafts, crafts commonly used on the Bitterroot
River, is 0.3 m (L0 ft.) and 1.8 m (6.0 'ft), respectively (Hra
1978). Analyses of wetted perimeter transects established ] the
dewatered sectionof river indicatedthata flow of 4.25 m3/sec
3150 £t3/sec) woul d be needed to provide the criteria to float
rift boats and rafts over the shallow riffle areas. This |evel
of flow would allow boats to pass over 17 of the 18 cross-sections
that were evaluated. In the reach of river located downstream
from Stevensville, this same flow level would provide the m nimum
flolat|ng criteria for all three of the riffles that were
eval uat ed.
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CONCLUSIONS AND RECOMMENDATIONS

Cooperation by main stem irrigation conpanies a?pears to be
the most inportant avenue for maintaining adequate flows wthin
the dewatered section of the Bitterroot River. Wthout this
cooperation, a majority of the supplenmental water released from
Painted Rocks Reservoir will be appropriated into the irrigation
systens Dbefore reaching Bell crossing. To protect sup'ol ement al
réleases from appropriation , irrigators woul d have to vo untar||%/
adjust diversion headgates or, as in 1985 would have to agree to
appoint a water conmi sSioner.

‘The water management plan developed during this study was
designed to release purchased water from the reservoir in a
conservative manner to insure that supplemental water would be
available for the entire irrigation season. Hstorical flow
records indicate dewatering in the Bitterroot Rver may occur as
early as July or as |ate as Septenber. A conservative approach is
necessary because the timng and duration of dewatering in the
river cannot be predicted. However, main stemirrigators have
indicated that their water needs are Preat est during July. They
al so have indicated a willingness to [ower diversion headgates
during September if a greater portion of the purchased water was
rel eased earlier in the irrigation season.

In an attenpt to provide optinum benefits to the river, a
cooperative agreenent has been tentatively reached in which MOFWP
woul d give 3,000 AF of purchased water annually to the main stem
irrigators to use as necessary. In return, irrigators would [ower
headgates during the last half of Septenber if flows fell below
ni ni mumr econmendat i ons and woul d agree not to oppose the appoint-
nment of a water commssioner to insure that a substantial
percentage of the purchased water released from the reservoir
remained instream It is reconmended that MDFWP continue to
pursue this cooperative agreement and to evaluate its
effectiveness in inproving the Bitterroot fishery.

Suppl emental releases from the reservoir have not
substantially reduced the need to channelize or dike the river to
obtain irrigation water. Distribution of water within this mlti-
channel ed and unstable river appears to be nore of aprobl ento
irrigators than water quantity. Augnenting flow in an
i nappropriate river channel provides little assistance to the main
stemirrigators. It is therefore recommended that WDFWP provide
technical assistance to the irrigators for inprovi n?. headgat e
| ocation and design. In addition, nethods for stabilizing the
stream channel should be evaluated and techniques proven
successful should be incorporated into any inprovement plan.

Suppl emental . rel eases a&oear to be ephancing the rainbow trout
popul ation in the upper Bitterroot Rver. “In the dewatered

section, the potential for enhancenent of the fisheries may be
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significantly reduced due to the appropriation of supplenental
water into the irrigation systems. If purchased water can be
protected from diversion, the potential for enhancement could be
si gni f_|cantlﬁ/ increased. Poor recruitnent of youn_qbof the year
fish into the population appeared to be responsible for the
suppressed nunbers of rainbow trout in the dewatered section.
Suppl enental water, if protected, could inprove the rearing areas
used by these young fish. It is reconmended that the present
study Should atfenpt to nmore fully evaluate the effect of dewater-
ing on rearing trout in the Bitterroot Rver and should attenpt to
ﬂugntutfy the instream flows needed to maintain this rearing
abitat.

Rel eases of supplenental water dc not agpear to be enhanci n?
adult brown trout populations in the Bitterroot River. [f
suppl emental releases were protected from appropriation, however,
the potential for enhancenent in the dewatered section could be
significantly increased. In the upper reach of river, the brown
trout population may be limted by the quantity of shoreline and
i nstream cover that is present. Several studies have denonstrated
the inportance of cover for determning the carrying capacity of
trout populations. (Boussu 19854, Hunt 19876).

Discharge and trout popul ations should continue to be
monitored In the control and dewatered sections in order to

maintain the aPpropriate release schedule for supplenmental water
and to evaluate the effectiveness of water releases for enhancing

the fishery in the river. Finally, if supplenental water cannot be
insured to remain inetreamwth’the use of a cooperative agreement
anong water users, it is reconmended that water purchases from
Painted Rocks Reservoir be discontinued,
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APPENDI X A

Discharge Data for the Bitterroot River and Mjor Diversions



Appendi x Al. Mean daily flows (ft3/sec) recorded at the Hamilton,
Woodsi de, Bel |l and Poker Joe stations on the
Bitterroot River during 1985.

June Julv
[}@/anﬂlton Wodsi de Bel | Poker Joe Ham|ton \Wodside Bel|l Paker Joe
1 630 695 588 1064
2 579 635 501 925
3 529 5% 439 872
4 517 563 376 729
5 526 539 344 655
6 498 512 325 622
7 458 473 305 598
8 440 451 291 565
9 387 413 266 503
10 341 393 250 459
11 309 343 230 425
12 308 330 220 408
13 332 330 199 3%
14 313 325 99 386
15 306 305 75 402
16 294 2% 65 401
17 295 217 62 402
18 295 263 58 397
19 2177 251 51 397
20 275 236 38 364
21 2050 2496 2010 260 225 38 364
22 1693 1975 1725 236 222 38 358
23 1520 1770 1540 253 234 37 3%
24 1309 1533 1357 2043 274 274 27 341
25 1054 1313 1182 1748 316 310 26 357
26 899 1084 993 1458 315 306 26 359
21 799 891 813 1259 262 255 25 359
28 736 822 712 1162 249 234 24 341
29 699 766 668 1154 243 237 24 343
30 669 716 625 1069 246 2% 24 327
31 268 267 25 316
MEAN 1143 1337 1163 1413 350 356 164 477



Appendi x Al - conti nued

_ August Sept enter
Day Hami|ton Voddi se Bel| Poker Joe Hamilton Wiodside Bel| Poker Joe
1 298 270 30 330 305 291 230 483
2 325 339 67 417 315 291 232 487
3 46% 481 227 514 311 291 225 492
4 473 462 293 627 319 286 225 478
5 465 445 319 712 334 313 230 472
6 441 421 332 712 316 312 286 687
7 441 388 313 640 377 390 423 967
8 385 356 301 627 557 437 540 1190
9 362 354 284 582 727 715 1404
10 378 387 300 594 891 840 1593
11 518 488 388 739 805 890 1690
12 552 519 477 924 1046 1147 2167
13 669 529 551 1083 1170 1467
14 604 532 565 1079 920 1238 2480
15 537 529 524 965 979 1275 2518
16 522 529 520 939 1002 1034 1344
17 505 529 490 878 965 1052 1214
18 457 529 461 809 1111 1175 1216 2021
19 483 529 457 722 1033 1121 1151 1946
20 494 529 473 789 952 1013 1089 1747
21 497 529 471 843 863 933 1010 1599
22 442 487 427 785 878 940 993 1612
23 433 445 404 753 824 888 943 1542
24 416 443 364 717 715 755 8% 1407
25 389 439 328 684 627 679 740 1244
26 415 421 309 647 580 627 671 1125
27 430 403 294 591 578 602 641 1087
28 340 340 285 546 556 602 611 1029
29 293 280 260 491 538 602 584 987
30 308 278 253 472 534 602 572 965
31 304 267 228 482
MEAN 440 435 355 700 704 662 786 1312
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Appendi x Al - (continued)

Oct ober Novenmber

Day Hami | ton Wodside Rell Poker Joe Hamilton Wiodsi'de Bel |_Poker Joe
1 530 602 595 992 651 785 144 1294
2 541 581 598 992 731 866 789 1337
3 537 585 620 1047 880 1042 933 1560
4 596 657 655 1085 840 1021 963 1621
5 558 613 634 1067 888 1065 1007 1629
6 532 613 620 1037 819 981 978 1612
7 596 683 674 1170 784 928 907 1513
8 572 692 701 1187 748 839 863 1459
9 503 672 632 1081 677 741 818 1409
10 521 657 617 1043 565 679 716 1203
11 553 657 651 1058 528 659 1019
12 552 635 666 1058 492 599 964
13 533 613 650 1058 481 586 984
14 510 589 630 1020 511 598 951
15 514 613 615 992 567 629 982
16 559 649 658 1103 662 703 1167
17 580 603 668 1153 656 746 1253
18 562 622 638 1103 576 680 1144
19 533 657 612 1077 520 599 1134
20 525 657 618 1074 592

21 529 618 641 1083 577

22 571 654 657 1102 559

23 591 705 692 1195

24 591 676 666 1178

25 692 721 654 1184

26 1012 1181 1032 1717

21 881 1034 978 1702
28 852 991 912 1594
29 780 959 856 1508
30 716 893 787 1405
31 683 831 749 1323
MEAN 607 707 690 1174 662 895 738 1276
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stations on the Bitterroot River during 1985.



Appendi x A3.  Mean daily flows recorded at stations on the Hedge,
Republican, Corvallis, Supply and Webf oot diversions

during 1985.
Abril May

Day Hedge Rpub- Corv- Supply \eb- HedgeRepub- Corv- Supply Wb-

1i allis f oot lican® allis f oot
1 2 70 102 11 127
2 4 2 76 113 11 1%
3 4 2 27 83 118 33 157
4 4 2 27 85 118 68 159
5 4 2 26 79 97 60 130
6 4 2 25 79 71 74 116
7 4 2 25 79 71 86 175
8 4 2 26 80 110 114 148 212
9 4 1 26 89 104 130 151 201
10 3 1 28 104 104 126 137 183
11 4 2 26 120 103 122 130 168
12 3 1 22 108 102 122 125 164
13 3 1 22 106 102 97 148 171
14 3 8 22 101 90 77 156 170
15 3 10 23 123 89 140 181 159
16 3 9 22 135 89 152 181 173
17 3 9 19 136 89 170 178 182
18 3 9 18 133 89 184 191 190
19 3 9 18 123 90 193 190
20 3 9 17 105 81 205 195
21 3 8 15 90 75 221 203
22 3 8 15 85 72 232 206
23 6 8 15 82 71 225 203
24 10 8 15 78 71 164 164 206
25 15 46 14 72 69 111 193
26 16 73 14 68 69 96 173
27 17 71 13 66 69 85 159
28 25 76 13 68 70 85 161
29 72 83 13 73 70 153 81 190 159
30 89 13 44 69 74 177 153
31 67 69 141 133
MEAN 8 - 19 20 91 84 159 128 123 172



Appendi x A3 - (cont i nued)

June Julv

Day Hege Repuh-, Sorv- Supply V¢b- Hedge Renub- Qorv- Supply Web-

y ™ 1i allis IOIOyfoot : lican® allis PPLY f oot
1 67 68 131 129 114 69 186 120
2 69 141 141 115 69 257 103
3 69 131 125 115 65 239 173
4 70 144 124 115 61 231 164
5 70 155 127 115 65 215 149
6 72 164 139 118 61 207 138
7 73 175 177 155 119 59 207 131
8 75 152 160 124 60 207 125
9 74 141 131 126 106 64 200 99
10 73 124 139 126 65 182 80
11 72 117 162 126 179 61 163 68
12 73 153 80 128 147 128 61 157 67
13 74 78 1% 143 129 64 166 174
14 75 77 235 202 130 63 160 172
15 75 77 244 294 130 59 160 184
16 76 17 238 286 110 61 157 216
17 76 73 227 259 135 60 154 154
18 80 72 211 236 135 153 58 154 128
19 90 72 203 227 135 58 154 115
20 91 73 211 227 133 55 149 110
21 91 74 200 207 133 55 143 99
22 91 78 182 184 132 55 143 104
23 101 78 179 167 132 129 53 146 102
24 105 170 76 166 151 135 57 153 116
25 105 61 154 131 133 161 58 165 147
26 105 62 1% 145 130 58 173 141
27 106 161 62 134 145 128 49 155 110
28 107 73 120 144 128 49 152 103
29 108 73 118 138 128 112 49 155 103
30 108 71 114 132 129 51 152 103
31 130 53 160 102

MEAN 84 165 73 166 170 126 140 59 174 126

A-VI



Appendi x A3 -

(conti nued)

August
Day Hedge Repub- Corv- Supply \]{\éb

September
Hedge Repub- ,Corv Supply Véb-

lican® allis lican® allis

1 128 51 167 105 125 42
2 132 52 183 129 125 42
3 135 53 108 137 125 40
4 120 138 50 93 125 125 38
5 129 49 91 83 126 37
6 128 47 86 62 128 42
7 128 44 86 59 122 44
8 128 37 82 57 116 48
9 128 39 82 59 116 49
10 129 46 84 64 117 48
11 131 47 79 75 104 47
12 132 47 80 78 91 49
13 131 36 66 82 91 46
14 129 125 30 61 79 89 46
15 129 26 60 76 89 36
16 129 15 60 75 89 9% 19
17 129 15 60 74 90 18
18 129 15 60 118 b 17
19 129 15 55 140 70 16
20 129 15 51 132 70 15
21 128 16 53 125 70 15
22 125 15 51 115 70 15
23 125 14 47 198 ® 52 15
24 125 13 45 193 70 15
25 125 13 62 193 70 31
26 126 111 13 86 188 70 38
27 125 13 78 188 7P 39
28 125 12 63 176 7 38
29 124 12 63 165 70 37
30 124 11 76 152 70 36
31 125 41 93 144

MEAN 128 125 29 78 118 65 74 34

A- VI

93
83
83
79
77
87
60
60
60
60
60
40
40
40
40

f oot

40 49

40
40
40
36
34
34

38 65

39
39
39
39
39
39
39



Appendi x A3 -  (ontinued)

October
Day Gedge Repub- Gorv- Supply Véb-
1i allis f oot
1 36 39
2 36 39
3 7 1 40 36 72
4 7 41 33
5 6 41 33
6 6 41 33
7 6 44 33
8 6 41 33
9 5 40 33
10 5 39 33
11 5 41 33
12 5 41 33
13 5 40 33
14 5 38 32
15 5 38 28
16 5 40 33
17 4 40 30
18 5 38 33
19 4 38 30
20 5 38 33
21 5 38 33
22 5 38 33
23 5 1 40 32 68
24 5 39 28
25 5 40 27
26 5 42 31
27 4 42 31
28 4 42 31
29 4 42 31
30 4 40 31
31 4 39 31
MEAN 5 1 40 32 il

a/ Flows determined from staff ga. readings
b/ Estimation

A-VI I



Apad XA4.  Stage-discharge regression equations devel oped for
t he Hedge, Republican, Corvallis, Supply and Webf oot
diversions during 1985.

Correl ation
_ _ _ Regression Coef fi ci ent
Ditch Ti me Peri od Equati on N r
Hedge 4/2-4/ 25, (Low Fl ow) y=1.7268+0.0508X 4 0.92

10/3-11/4
5/8-6/11 (Pre-Algae) y=1.5174+0.1988X 3 0.81
6/ 12-7/ 15 (Al gae) y=1.120040.4118X 3 0.95

7/16-9/17 (Bulldozed, y=l.4411+0.2500X 3 0.96
Post - Al gae)

Republ i can 5/24-10/23 (Total) y=0 8381+0. 1176X 6 0.99

Corval lis  4/14-6/24, (A gae-
8/31-11/4 free) y=1.6816+0. 1116x 6 0.99

6/ 25- 8/ 30 (Al gae) y=1.7107+0. 1151x 5  0.99

Suppl y 4/ 13-5/ 3,
8/13-8/27, (Low Flow) y=l.7398+0.0558X 5 0.99
9/7-11/4
5/4-5/17,
8/4-8/12, (I ntermedi ate
8/28-9/6  Flow y=l.6940+0. 0879X 11 0.99
5/8-8/3 (Hgh Flow y=l.6606=0.1037X 6 0.85
Webf oot 5/1-11/4 (Total) y=l.3498+0. 1863X 10 0.97
where y

og st age (inches)d/
g

= |
X= 1o0g di scharge (ft3/sec)

a/l Republican stage in feet

A1 X
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Appendix

Chronol ogy of managenent operations on the Hedge, Corvallis, Supply and
\eébf oot di versions during 1985.

DI TCH

ADJUSTMENTS MADE

DATES ( ALTERATI ON MADE)

Hedge

Corvallis

Suppl Y

webf oot

Headgat es Rai sed
Headgates Lowered
Channel Alterations

Headgat es Rai sed
Headgat es Lower ed
Channel Alterations

Headgat es Rai sed
Headgat es Lower ed
Channel Alterations

Headgat es Rai sed
Headgat es Lower ed
Channel Alterations

4123, 4129, 6/18, 7/8, 8/4
5/14, 5/20, 8/4, 9/8, 9/11, 9/12, 9/17
7/16 - Scraped algae in ditch channel

4125, 4/29, 5/8, 5/15, 6/25 8/31, 9/25
5/6, 5/14, 5/25, 8/13, 8/15 9/16
717 (?) -Added planks to dam

5/3, 5/6, 5/8, 5/15 6/13, 7/1?, 8/30
8/3, 8/12, 9/7, 9/12
711(?) - Diked west channel

gSO, 9/5/27, 6/10, 6/14, 7/3?, 7/13?, 8/1%
5,

4/30 - Removed gravel fromditch channel
713 - Diked river in front of diversion
7113 - Diked west channel
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Appendix A6. Hydrographs derived at gauging stations on the Bitterroot River during a test

release of

water from Painted Rocks Reservoir conducted in July, 1985.
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Dai |y Maximumand M ni mum Water Tenperatures Recorded during 1985
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Appendix Bl. Daily maximum and minimum water temperatures (°F) recorded at the Darby, Hamilton, Bell
and Maclay stations on the Bitterroot River during 1985.

MARCH
Hamilton ~ _Bell == _Mxclay .

Darby __ :
Max Min Max Min Max Min Max Min

Day Max Min Max Min Max Min Max Min

1 4 37 505 41 51 42 50 45

2 45,5 37 51 43 52 43 52 47

3 43 36.5 47 42,5 49 435 50 48

4 42,5 36 455 40 46 41 48 46

5 47 37 41 41 49 4£2 49 45

6 32.5 33 46 36 50 40 50 40.5 49 46

7 3 325 39 32 40 47 37 49 4 50.5 42 49 4.5

8 3 325 39 32 4 M 50 41 50 42 48 44 48 47

9 3 32,5 4.5 32 4 34 49 39 52 43° 535 4 50 46
10 3% 325 41 335 &4 35 47,5 39 515 43 525 45 51 49
1n 3 325 40 33 415 3B 425 4.5 4 47 43 49 & S1 49
12 3 325 41 335 42 35 43 39 48 39 49 405 50 42 50 46.5
13 37 325 4.5 34 43 35 4 39 48,5 39,5 50 41.5 51 43 50 47
14 37 32,5 4.5 34.5 43.5 36 445 40 49 40 50 42 51 44 505 47
15 37.5 32,5 .5 35.5 4 337 45 4 46 40.5 46 42 47 44 505 4.5
16 38 325 4.5 35.5 4 365 45 4 46 40 47 4 47 425 48 &5
17 38,5 325 4 36 45 37 46 4 4.5 40,5 48 41.5 49 43 495 46
18 3 33 45 37 46 38 4 42 46 4 4.5 4.5 47 43 495 &
19 39 325 4 3.5 455 38 4 &2 4 40 44 40 45 42,5 48 45
20 3 33,5 43 38 43 39 45 43,5 415 37 43 37 45 40 45 425
21 375 34 41 37 43 38 435 42 43 35 43 36 45.5 38 45 42
22 38 32,5 4 35.5 42,5 37 43 4 44 365 445 38 465 40 46 83
23 3% 33 42 36 42,5 38 45 42 43 39 43 39 46 4.5 46 4.5
24 3T 3B 4 39 42 40 44 42.5 44 37 46.5 37 4.5 39 456 43
25 41 32,5 43 35 44 375 45 4 4 3% 4 37 47 40,5 465 4
2 39,5 34 43 3.5 4 38 45 4l 46 38 46 39 48 41 475 46
27 39 34 4 3%.5 43 385 4 L 54.5 42 54 43 54 44 525 47
28 4 32,5 425 34.5 44 37 45 40.5 52.5 43 54 45 55 47 53.5 51
29 4.5 3¢ 42 37 44 38 4 4L 53 45 54 47.5 56 49 55 53
30 40 34 4.5 37 44 38 44 42 52 42.5 52 45 54,5 47 55 52
3 40 36 45,5 38.5 44 405 45 43



Appendi x BL - (conti nued)

MAY JUNE
_Darby  Hamilton _Bell = _Maclay _Darby  Hamilton _Bell = _Maclay
Day Max Min Max Mn Max Mn Max Mn Max Min Max Min Max Mn Max Mn
1 51 43 51.5 45 53 46 54.5 51 49 45 54 48.5 56 50 55 51
2 49 43 50 44 51 46 54 49 50 44 50 46 51 47 55 49
3 47.5 42 47.5 43 50 44 52 48 54 45 55 47 56 47.5 55.5 49.5
4 46 40 45 40.5 45 42 51 45 51 46 53 49 54 50 55.5 52
5 48 39.5 48 40 49 41 49 44 50 47 51.5 49 52 50 54 51.5
6 49 40 50 41.5 49.5 43 50.5 46 52.5 46 54 48 53 49 52.5 50
7 49 41.5 49 44 51 45 51 48 53 47 54 48.5 56 50 56 52
8 47 42 49 45 50 46 51 48 53 46.5 55 49 56 50 56 51
9 45 41.5 47 44 47 45 49.5 46.5 53 45 55 48 56 49.5 55 50.5
10 45 40 47.5 42.5 48.5 43.5 49 45 55 44.5 56 48 57.5 49.5 56 51
11 47 41 49 43 50.5 44 495 46 56 46 57.5 49 59 50.5 58 52
12 48 38 48 40.5 50 42 49.5 45 56 48 57 51 57.5 52 58 53.5
13 50 39 51 42 53 43 52 46 53 49 55 52 56 52.5 57 53
14 46 41.5 48 45 51 46.5 52 48.5 57 48 58 50.5 59 51.5 57.5 52.5
15 52.5 42 53 44 55 45 55 49 59 49 60 52.5 62 53 60 55
16 53 43 54 47 55.5 47 56 51.5 59 49.5 62 53 62 53.5 60.5 55.5
17 52 42 53.5 46 55 48 56 52 61 49 61 53 62 54 60.5 56
18 53 42.5 53.5 46 55 47.5 56 51 62 AL BR W b 54 61.5 56,5
19 50 43 51 46 52 48 55.5 51 55 62.5 58
20 50 4 52 46 54 47 54 49 61 52.5 63 56 64 56.5 63 59
21 52 43 53 46 54 46.5 54.5 49 60 50 63 54 64 55 63 58
22 53 44 53 47 55 48 55 50 65 65 56 64 59
23 52 45 54 48 54.5 49 55 50.5 61.5 51 62 55 66 56 64 60
24 51 45 53.5 47 54 49 55 51 55 51 54 64 55.5 63 60
25 50 46 53 48 53.5 48 55 50 60 0 60.5 63 53 63 55 61.5 58
26 50 45 52 47 53 48 54 50 54 63 58
27 52 46 54 48 55 49 55 50 61 50 65 54 67 56 64.5 60.5
28 50 46 52 48 53 50 55 51.5 63 66 56 68 58 65 62
29 48 45 50 46.5 50 48 53 50 62 B 67 57.5 68 59 66 63.5
30 46 43.5 47 45 48.5 46 50 47 63 53 68 57 69 59 66.5 63

31 53 43 54 44 54 455 54 47



I1T-9

Appendi x Bl - (continued)
JULY AUGUST.
_Darhy__ Bam:.ltm_ —Bell = _Maclay _Daxby_ Hamilton . Maclay
Day Min Max Min Max Min Min Max Min Mix Mn Max Min
1 65 54 69.5 58 70 59 67 64 62 56 69 62.5 64 57 69 64.5
2 65 54.5 69.5 59 70 67.5 65 57 54 64.5 59 59.5 58 66.5 61
3 67 56 71 60 70.5 il 69 65 63 53 67 57 68.5 58.5 67 60
4 66 56.5 70 60.5 69 61 69 65.5 64 54.5 71 60 70 61 68.5 64
5 68 57 72 61 71.5 62 70 66 65 55 71 60 71.5 61.5 69 65
6 68 58 72.5 61.5 71 62 70 66 64.5 54 70 60 71 61 69 64.5
7 66 58 72 62 69 63 68.5 66.5 64 54 70.5 60 70 61 68 64
8 67 57 74 61 69 61 68.5 65 59.5 56 63 60 67 61.5 66 63. 5
9 69 59 63 73 63 70.5 65 63 53 67 57 68 58 64.5 62
10 69 60 74 64 73 64 72 67 58 53.5 63 58 64 59 64 59
11 67.5 60 72 63 71 63 67 56 52 57.5 55 59.5 57 59 57.5
12 63 59 715 62 70 62 70 655 55 52 565 55 59 56 59 58
13 66 55.5 71.5 60 69 61 70 64.5 60 51 63 54 65 55 62 56
14 66 55 71.5 60 60 70 64 62 52 65 56 66.5 57 64 60
15 66.5 56 72 60 69 60 70 65 61 54.5 64 58 64 60 64 61.5
16 65.5 57 72.5 61 69 60.5 71 65 62 54 65 56.5 65.5 58 63 59
17 66 57 12 62.5 69 61 71 66 63 52.5 66.5 56 67 57.5 64.5 60
18 66.5 56.5 72 61 69 60 70 64 63 54.5 67 58 68 59 66 62
19 66 56 60 68 60 70.5 65 61 56 66 59 67 60.5 66 63. 5
20 66 56 72 60 66.5 58 71 65 61 54 64 57.5 65 59.5 65 62.5
21 66 56 12 61 65 ¥5% 71.5 655 62 55 64 57.5 64.5 59 64 61
22 65 57 71 62 69.5 66 63 54.5 66 57 66 58 63 60.5
23 66 5 57.5 72 62 66.5 57 70 65 63.5 53 66.5 56 67 58 65 60.5
24 64.5 55 72 62 61 55 70.5 65 65 55 68. 57.5 68 59 66 62
25 64 52.5 71 60 61 55.5 70.5 64.5 62 56 66.5 59 68 60 66 63
26 65 54 70 60 62.5 5655 70 65 64 56 67 59 68 60 66 63
27 67 56 71 60 70 65 56 68 60 69 60.5 67 63
28 62.5 57 71.5 60 59 56 69 65 64.5 65. 57 10 60 69 61 68 63
29 66 55 69 6L5 60 59 56 69 63.5 65 56 69 59 68.5 59 67 63
30 61 56.5 62 B 67.5 64 66 57.5 69 60 67.5 60 66 62.5
31 65 55 72 61 70 63.5 63.5 55.5 67 58 66.5 59 65 61.5
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Appendi x Bl - (continued)
SEPTEMBER OCTOBER

Cay Max Min Max Min Max Mn Max M™n Max Min Max Min Max Min Max Min
1 61 53 64 555 65 56.5 62.5 59.5 45 41 46 43.5 48.5 46 49 48
2 60 56 64 57 64 58 64 59 47.5 43 49 44 50 46 49 47

3 62.5 54 65 5 65 57 65 60 52 46 53 47.5 54 49 52.5 49
4 63.5 54 66 56 66 57 63 60 48 41.5 51 45 53 47 51 49

5 60.5 57 63  59.5 62 59 60 50 43 52 45.5 53.5 47.5 51.5 49.5
6 60 57 61 58 60 57 60 57.5 49 46 51 48 52 50 51.5 50

7 57 54.5 58 55 58 55 57 56 47 38 49.5 41 49 42.5 50 45.5
8 60 53 60 55 61 55 59 555 40 36 41 38 45 40.5 45.5 42
9 58 55 58 56 59 56.5 58 57 a4 34 42 35.5 45 39 44 40.5
10 61 54 62 54 63 55 60 56.5 44 36 4 38 47 41 45 43
11 60 54 61 5, 61 56 60 59 45 40 46 41 48.5 44 47 45
12 57 53 58 55 58.5 55 60 56.5 44 40. 46 42.5 50 45 47.5 47
13 56 49.5 58 51 59 52 58 55 45.5 41 48 43 50 45 48.5 47
14 59 52 59 53 59 54 59 56.5 44 41 46 44 43  46.5 48 47.5
15 56 52 58 53 58.5 54 58 56 49.5 43 50 45 52 47 51 47.5
16 53 48 54 50 55 51.5 57 53.5 45 42 47 45 485 46 51 48
17 54 5 545 51 55.5 52 55 53 46 0. 48 43 51 45.5 49 47
18 52 47 53 49 55 50 54.5 52.5 46 40 47.5 42 50 44 49 47
19 52 47 53 49 54 50 54 52 46 41 49 42.5 49.5 44.5 48 46.5
20 54 45 55 47.5 56 49 54 51 47 42 47 44 49 46 49 47.5
21 53 50 54.5 52 55 583 55 54 45,5 42 46 44 48 45.5 49 47.5
22 54 48 56 49 57 51 55.5 53 44 40. 45 42 47 44 47.5 46
23 51 44.5 53 47 55 49 53.5 53 43.5 41 44 42 46.5 44 46 45
24 53 48 55 50 57 51 54 52 45 40 47 42 48.5 44.5 47 45
25 53 45 55 483 57 50 55 52 47 43. 49 45 50 47.5 49 47
26 54 6 56 48.5 57 50 55 52.5 46 41 46 42 47.5 44 49 46
27 50 4 53 47 53 47 54 50 46 41 48.5 43 49.5 45 47.5 45
28 47 43 39 46.5 41.5 47.5 43 47.5 45.5
29 47.5 3 B0  43.5 52 405 50 46.5 42 36.5 42 38 44 41 42 41
30 47 39 49 42 51.5 44.5 50 46.5 41 37 42.5 37.5 44.5 40 42 40
31 41 39 42 40 45.5 43 43 42



Appendi x Bl - (continued)

NOVEMBER

Max Min Max Mn Max Mn Max n

42 39 43 40 46.5 44 43 42
44.5 41 45.5 42 48 46.5 45 43
44.5 42 47 44 49 47 47 45
45 40 45.5 42 48 44 46.5 45
43 45 40.5 46.5 42.5 45 43
4 I 4 39.5 44 42 43 42
41 38.5 43 40 45 43 43.5 42
40 38 41,5 39.5 44.5 42.5 43 41.5
36.5 34 40 35.5 42 35 41.5 37
34 33 35 32,5 34 325 37 34
33 33 34 32 35 32.5 35 33
33 33 33,5 32 34.5 33 35 33
33 33 33.5 32 34 33 35 33
33.5 33 33.5 32 34.5 32.5 35 33
34 33 34 32 35 33 35.5 33

[N NN
DO WNRRFRPOWYEO IS WN — \Q

35 335 35 33 37 35.5
17 35 33 35 34 37 35
18 345 33 33 32 35 33
19 34 33 32.5 32 34.5 33
20 33,5 33 33 32 36 34
21 3333 32.5 32 35 33
22 33 3 32 32 33 33
23 33 i 32 32
24 32.5 32
25 33 33 32,5 32
26 33 33 33 32
27 33 33 32
28 33 ¥Ry 32.5 32
29 32.5 32.5 32 32
30 32.5 325 32 32
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Appendix C. Catch statistics for trout collected in the Darby
and Tucker sections of the Bitterroot River during

the spring of 1985. Range in parentheses.

Mean Npaﬂ
Length  V¥ight
Section Species Marked Captured Recaptured (M% (é%
Darby Rai nbow 119 106 9 279 318
Trout (70-449)  (10-820)
Br own 89 67 10 318 431
Trout (90-521) (10-1690)
Cutt hroat 5 3 0 317 416
Trout (183-443)  (60-880)
Br 0ok 10 19 0 163 66
Trout (90-321)  (10-340)
Bul | 6 4 2 318 390
Trout (210-417)  (70-830)
Tucker Rai nbow 89 64 9 314 396
( East Trout (81-506) (10- 1140)
Channel )
Br own 135 116 27 326 488
Trout (11 0-556) (10 1500)
Cut t hroat 3 2 0 308 376
Trout (278-378)  (260-660)
Br ook 9 6 0 161 70
Trout (101-307)  (10-290)
Bul | 0 1 0 43 91
Trout (-) (-)
Tucker Rai nbow 115 78 5 333 461
\est Tr out (78-513)  (10-1330)
annel )
Br own 90 126 15 341 485
Trout (105-535)  (10-1330)
cutt hr oat 0 2 0 292 300
Trout (279-305)  (260- 340)
Br ook 1 4 0 206 128
Tr out (108-280)  (10-250)
Bul | 1 0 0 215 90
Tr out (-) (-)
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Appendi x C2. Length frequency distributions of rainbow trout

collected in the Darby and Tucker sections during
the spring of 1985.
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Appendi x C3. Iength frequency distributions of brown trout collected
in the Darby and Tucker sections during the spring of 1985.
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Appendix C4. Estimates of nunbers (N,

bi omass and age structures of

rai nbow trout and

brown trout in the study sections of the Bitterroot River obtained during
the Spring, 1985. 80% confidence intervals in parentheses.
Per Kiloneter Per Mle
. . Age- Bi omass Bl omass
Section  Species G oup N (ka) N (ka)
Dar by Rai nbow L+ no estimte
Trout 1142/ ) 0.33 3 0.54
[+ 21 5.58 33 8.98
IV+ 52 25.02 83 40. 27
and ol der
Tot al 75 30. 94 119 49.76
( 05) (19.36-42.52) (71-167) (31.12-68. 40)
Br own | + no estimte no estinmate
Trout [+ no estimate no estimate
I || |V+ 8 2.40 12 3.87
+
& ol der 26 18. 45 42 29.69
34 —_
TOTAL(24-44) 20. 85 54 33.56
(13.48-28.22) (37-71) (21.71-45.41)
Tucker Rai nbow I+ no estinmate no estimte
East Trout 1148/ 5 0.94 8 .
hannel ) I H/+ 22 6.06 36 9.75
+
& ol der 22 13.11 35 21.10
TOTAL 49 20.11 79 32.36
(33-65) (14.13-26.09) (54-104) (22.74-41.98)
Brown L+ no estimte no estinmate
Trout 11+’ 9 .22 14 3.58
I 1 |V+ 15 6. 77 24 10. 89
+
& ol der 17 14.12 27 22.73
TOTAL 41 23.11 65 37.20
(32-50) (18.97-27. 25) (50-80) (30. 54-43. 86)
Tucker Rai nbow I+ no estimte no estimate
Vst Trout 1148/ 5 0.85 8 .36
hannel ) | || |V+ 21 5.16 33 8.31
+
& ol der 84 52.07 135 83.78
110 58.08 176 93.45
(61-159) (32.18-83.98) (98-254) (51.78-135.12)
Brown L+ no estimte no estimte
Trout Hm/ 3 0.63 4 6 9]]
| |V+ 16 6.07 25 .
+
& ol der 3l 22.21 51 35.74
TOTAL 50 28.91 80 46.52
(38-62) (22.12-35.70) (60- 100) (35.59-57. 45)
Tucker Rai nbow
Trout TOTAL 159 78.19 255 125.81
(107-211) (51.61-104.77) (173-337) (83.04-168. 58)
Br own
Trout TOTAL 91 52.02 145 83.72
(76-106) (44.07-59.97) (120-170) (70.92-96.52)

a/ partial

estinate



Appendi x C5.  Catch statistics for trout collected in the Darby,
Tucker and Poker Sections during the fall of 1985.
Range in parentheses.

. . Recap-
Section Species Marked Captured tured
Dar by Rainbow trout 475 282 22

Brown trout 319 189 30
Cutthroat trout 29 21 4
Brook trout 28 4 0
Bul | trout 5 6 0
Tucker Rai nbow trout 141 112 10
(East Channel )
Brown trout 229 187 39
Cutthroat trout 3 5 0
Brook trout 10 1 0
Tucker Rai nbow trout 196 94 14
(st Channel )
Brown trout 270 234 57
Cutthroat trout 1 3 0
Poker Joe Rai nbow trout 202 188 25
Brown trout 40 29 4
Cutthroat trout 1 6 0
Brook trout 1 0 0

Mean Mean
Length Vi ght
( mm) (gm
239 199
(58-444)  (5-1080)
258 279
(70-565)  (5-2210)
274 246
(115-376)  (10-600)
192 107
(80-368)  (5-540)
279 246
(165-402)  (50-650)
309 429
56-505) (5-1510
312 468
(83- 667) ( 10- 3120)
310 416
(195-430) (100-770)
214 155
(107-311)  (10-370)
286 320
(60-463)  (5- 1060)
302 408
(70-588)  (5-2500)
287 265
(243-305)  (90- 350)
320 390
(75-495) (10-1170)
288 324
(112-447) (10-1090)
322 368
(271-359) (250- 480)
253 220
(--) (---)

Cc-v
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Appendi x C6. Length frequency distributions of rainbow trout collected in
the Darby and Tucker sections during the fall of 1985.
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Appendi x C7. Length frequency distributions of brown trout collected in
the Darby and Tucker sections during the fall of 1985.
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Appendi x C8.  Mean total length (TL) at tine of capture and back-
calculated nean total length at age for rainbow trout in
study sections of the Bitterroot Rver during the Fall,

1984.
Mean 1L
at
Age capture Calculated Length (mm) at Age
section group N (mm) | [ 111 IV v WV
Dar by 0+ 7 75
[+ 121 162 79
1+ 66 242 85 164
11+ 68 312 78 156 255
v+ 43 369 82 161 258 327
V+ 12 402 76 159 255 325 370
VI+ 1 392 75 142 243 290 331 372
Mean back-calculated length (mm) 80 160 256 326 367 372
Mean increnent of
back-cal cul ated length (rm 80 80 96 70 41 5
Tucker 0+ 4 91
(E  Channel) I+ 43 200 82
1+ 59 236 88 172
11+ 39 336 91 193 278
v+ 30 391 91 188 271 339
v+ 21 429 92 178 258 332 388
VI+ 1 475 105 212 272 356 420 458
Mean back-calculated length (mj 88 182 271 337 389 458
Mean i ncrenment of
back-cal cul ated length (m) 88 94 89 66 52 69
Tucker 0+ 10 85
(W Channel) 1+ 55 177 77
I+ 62 220 79 154
11+ 25 320 83 191 274
v+ 30 380 87 185 274 337
v+ 7 425 91 208 279 344 393
VI+ 1 437 81 133 277 322 390 410
Mean back-calculated | engt h (mj 81 171 275 338 393 410
Mean increnment of
back-cal cul ated Iength (m) 81 90 104 63 55 17
Pooled Total 0+ 2 1 83
[+ 219 173 79
[+ 187 233 84 163
I+ 132 321 82 174 265
W 103 379 86 176 266 333
V+ 40 420 87 177 261 332 383
VI+ 3 435 82 162 264 323 380 413

Mean back-calculated length (mm) 82 170 265 333 383 413
Meanincrement of
back- cal cul at edl engt h (mn) 82 88 95 68 50 30
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Appendi x ®. Mean total length (TL) at time of capture and back-
cal culated mean total length at age for brown trout in
study sections of the Bitterroot River during the Fall,

1984,
______ NEarTTL’ T =
a
. Aoe capture  _Calculated Length (mm)_at Age
Section group N (mm I II III IV V VIAg VII
Dar by 0+ 19 89
|+ 98 171 90
[+ 74 249 86 177
11+ 46 340 96 196 290
v+ 19 403 97 209 292 359
V+ 17 453 106 204 299 368 417
M+ 3 453 85 162 265 328 394 424
Mean back- cal cul ated | ength (mn) 92 189 292 361 413 424
Mean increnent of
back-cal cul ated | ength (nm 92 97 103 69 52 11
Tucker 0+ 38 109
(E Channel) |+ 55 206 102
I+ 55 261 99 193

11+ 46 345 105 196 285

I V+ 23 419 121 210 305 370

V+ 12 460 114 188 288 362 415

M+ 4 498 117 210 300 368 425 465
VIT+ 1 529 121 258 326 389 425 467 506

Mean back-cal cul ated I ength (m) 105 197 292 368 418 465 506
Mean increnent of

back-cal cul ated | ength (mj 105 92 95 76 50 47 41
Tucker 0+ 15 106
(W Channel) 1+ 66 203 94
[1+ 66 265 94 184

[I1+ 55 356 101 213 302
v+ 30 421 107 213 306 375
V+ 12 481 118 232 328 394 440
M+ 2 516 111 215 298 347 421 477
Mean back-cal cul ated I ength (m) 99 203 306 379 437 477
Mean increnent of 99 104 103 73 58 40
back-cal cul ated | enght (mj

Pooled Total 0+ 7 2 103
I+ 219 189 94
[1+ 195 258 91 184
[11= 147 348 101 202 293
IV+ 72 415 109 211 302 369

V+ 41 ig,@? ﬂ) 207 304 374 423
V\+ 9 195 288 350 414 454
i+ 1 529 121 258 326 389 425 467 506

Mean ba:k—cdcdated length (mm) 08 196 297 370 421 455 506
Mo ek eaTen a25a | ength (m) 9898 101 73 51 34 51
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APPENDIX D

Di scharge-Wetted Perinmeter Relationships
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Appendix D. Wetted perineter-discharge relationship for a conposite
of 3 cross sections of a riffle near Ham|ton.
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Appendi x 2. Wetted perineter-discharge relationship for a conposite
of 3 cross sections of a riffle near the nouth of
Bl odgett Creek.
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Appendi x D8. Wetted preineter-discharge relationship for a conposite
of 3 cross sections of a riffle in the east channel of
the Tucker section.
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Appendi x D4. \Wetted perineter-discharge relationship for a conposite

of 3 cross sections of a riffle in the west channel of
the Tucker section.
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Appendix D5. Wetted perimeter-discharge relationship for a composite

of 3 cross sections of a riffle near Stevensville.
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Appendi x D6.  Wetted perinmeter-discharge relationship for a conposite
of 3 cross sections of ariffle near the Lee Metcalf
Wldlife Refuge.

D- VI



Iin-d

FEET

WETTED PERIMETER -

27° S

325 CFS

25°
230
210_
200 400 600 800 1000 200 400
DISCHARGE - CFS
Appendix D7. Wetted perimeter-discharge relationship for a camposite

of 3 cross sections of a riffle near the mouth of
Bass Creek.
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